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IMAGE PROCESSING METHOD AND UNIT, 
DETECTING METHOD AND UNIT, AND 
EXPOSURE METHOD AND APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a continuation of International Application 
PCT/JP01/10394, with an international filing date of Nov. 
28, 2001, the entire content of which being hereby incor 
porated herein by reference, which was not published in 
English. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to an image process 
ing method and unit, a detecting method and unit, and an 
exposure method and apparatus and more Specifically to an 
image processing method and unit for processing image data 
obtained by pickup, etc., a detecting method and unit that 
uses the image processing method, and an exposure method 
and apparatus that uses the detecting method. 
0004 2. Description of the Related Art 
0005 To date, in a lithography process for manufacturing 
Semiconductor devices, liquid crystal display devices, or the 
like, exposure apparatuses have been used which transfer a 
pattern formed on a mask or reticle (generically referred to 
as a “reticle' hereinafter) onto a Substrate Such as a wafer or 
glass plate (hereinafter, generically referred to as a "sub 
Strate' or "wafer as needed) coated with a resist, through a 
projection optical System. AS Such an exposure apparatus, a 
Stationary exposure type projection exposure apparatuS Such 
as the So-called Stepper, or a Scanning exposure type pro 
jection exposure apparatus Such as the So-called Scanning 
Stepper is mainly used. 
0006. In such an exposure apparatus when detecting 
position to very accurately align a reticle with a wafer before 
exposure and detecting coherence factor a (hereinafter, 
called “illumination O') of the projection optical System, an 
image of the wafer's periphery and a light Source image on 
a plane conjugate to the entrance pupil of the projection 
optical System, formed by illumination light (exposure light) 
incident on the projection optical System are picked up. And 
the images, the picking-up results, are analyzed to extract 
the outer shape of the wafer to detect the wafer's position 
and to extract the outer Shape of the light Source image to 
measure illumination O that influences the imaging charac 
teristic of the projection optical System. 
0007 Moreover, various techniques for very accurately 
detecting a wafer's position have been Suggested, and of the 
prior art position detecting techniques, enhanced global 
alignment (hereinafter, called “EGA) is widely being used. 
In EGA in order to very accurately detect the positional 
relation between a reference coordinate System for Specify 
ing movement of the wafer and an arrangement coordinate 
System (wafer coordinate System) for arrangement of shot 
areas on the wafer, fine alignment marks on the wafer are 
measured which have been transferred together with a 
circuit pattern, and after computing arrangement coordinates 
of each shot area by use of the least-Squares method, etc., 
Stepping is, upon exposure, performed according to the 
accuracy of the wafer Stage by use of the computing result. 
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0008 Because, in EGA, fine alignment marks formed in 
predetermined positions on the wafer need to be viewed with 
high magnification, the View field is necessarily narrow. 
Therefore, in order to Surely catch the fine alignment marks 
with the narrow view field, by detecting the center position 
and rotation about its normal, center axis of the wafer based 
on the result of viewing the wafer's periphery before fine 
alignment, the positional relation between the reference 
coordinate System and the arrangement coordinate System is 
detected with a predetermined accuracy, which detection is 
called “pre-alignment hereinafter. 
0009. In such pre-alignment, the images of three or more 
parts of the wafer's periphery are picked up while illumi 
nating the wafer with, for example, a transmission illumi 
nation method. As a result, a wafer image and a background 
image around the wafer's Outer edge in the pickup field are 
obtained which each have substantially uniform brightness 
and are different from each other in brightness. Therefore, an 
appropriate threshold for brightness is Set based on how 
brightness varies in the whole image as the picking-up 
result, and it is judged based on the relation in value between 
the threshold and the brightness of each pixel whether the 
pixel is in the wafer image area or the background image 
area, to detect position information of the wafer's outer 
edge. And based on position information of three or more 
parts of the wafer's outer edge, the center position and 
rotation about its normal, center axis of the wafer are 
detected. 

0010. After the pre-alignment, while the wafer and a 
Search alignment detection System are relatively moved in 
light of, e.g., the positional relation between the reference 
coordinate System and the arrangement coordinate System 
obtained in the pre-alignment, a plurality of Search align 
ment marks on the wafer are captured with a relatively broad 
View field to detect the positions of the Search alignment 
markS. Based on the detecting results, the positional relation 
between the reference coordinate System and the arrange 
ment coordinate System is detected with accuracy necessary 
to view the fine alignment marks. While the wafer and a fine 
alignment detection System are relatively moved in light of 
the accurately obtained positional relation between the ref 
erence coordinate System and the arrangement coordinate 
System, the plurality of fine alignment marks on the wafer 
are viewed, So that fine alignment is completed. 
0011 Further, in the pre-alignment the images of at least 
three parts of the wafer's periphery are generally picked up 
as described above, which images are processed to detect the 
position of the wafer's Outer edge. For the purpose of 
accurately detecting position in the pre-alignment, the char 
acteristic of a pickup unit Such as a CCD camera used in 
picking up needs to be accurately corrected. That is, it is 
necessary to accurately correct the magnifications (in X and 
Y directions) of the pickup unit, rotation of its pickup field 
and the like before exposure of the wafer. 
0012. In such correction of the characteristic of a pickup 
unit, a correction measurement wafer on the periphery of 
which three croSS marks each having two rectangular pat 
terns arranged diagonally therein are formed in respective 
three positions is used in the prior art. Correction is per 
formed using the correction measurement wafer in the 
following manner. 
0013 First, while moving a wafer stage on which the 
correction measurement wafer has been mounted, a pickup 
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unit that is to be corrected picks up the images of the croSS 
marks on the correction measurement wafer, and using a 
template pattern where two rectangular areas are arranged 
diagonally which have brightness of a first value and cor 
respond to the respective two rectangular patterns of the 
croSS mark, and where the other areas have brightness of a 
Second value different from the first value, template match 
ing is performed on the picking-up result to detect informa 
tion about position in the pickup field of the croSS mark. And 
based on the relation between the movement of the wafer 
Stage and corresponding variation of the position informa 
tion of the croSS mark, the magnification of the pickup unit, 
rotation of its pickup field, and the like are corrected. 
0.014. In the case of detecting the wafer's position and 
measuring illumination a by processing the wafer image and 
the light Source image picked up, even if the wafer image 
area and a light Source image area have a first intrinsic 
pattern (or uniform brightness), and background image areas 
have a second intrinsic pattern (or uniform brightness), it is 
Sometimes difficult to estimate the outer edges of the wafer 
image and the light Source image directly from variation of 
brightness in the picking-up result. For example, when 
brightness of either of bright portions and dark portions in 
the intrinsic pattern of the wafer image area or the light 
Source image area is almost the same as brightness of the 
background image area, which is uniform, portions having 
almost the same brightness are present on the both sides of, 
and around, the outer edge of the wafer image or the light 
Source image. As a result, it is difficult to estimate the outer 
edge of the wafer image or the light Source image as a 
continuous line directly from variation of brightness in the 
picking-up result. 
0.015 Therefore, the wafer's position and illumination a 
cannot be accurately detected Sometimes when an area 
Subject to the outer edge estimation Such as the wafer image 
area and the light Source image area and a background area 
have a respective intrinsic pattern. 
0016 Further, when raw image data obtained by pickup 
is used and noise is included in the image data of the 
periphery of the wafer image or the light Source image, the 
wafer's position and illumination a cannot be accurately 
detected. 

0.017. In the above prior art pre-alignment using a thresh 
old, position information of a wafer's outer edge is detected 
based on the relation in value between the threshold and the 
brightness of each pixel, for example, that the brightness of 
each pixel is greater than the threshold or is equal to or leSS 
than the threshold (or that the brightness of each pixel is 
equal to or greater than the threshold or is less than the 
threshold). That is, a multi step image as a picking-up result, 
which is of three or more Steps, is converted to a binary 
image by use of the threshold, and from the binary image, 
position information of a wafer's outer edge is detected with 
accuracy of the dimension of pixels. 
0.018. The prior art position detecting method is simple 
and excellent in terms of high Speed processing. However, 
pre-alignment based on position information of the wafer's 
outer edge detected by the prior art position detecting 
method hardly Satisfies the demand in recent years for 
increasingly improved accuracy of pre-alignment. 
0.019 Further, in the above-mentioned method of correct 
ing a pickup unit for pre-alignment, in order to detect 
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position information of a croSS mark in the pickup field, the 
correlation between a template pattern having rectangular 
areas therein and the image datum of each pixel in the 
pickup field is calculated, So that the amount of calculating 
the correlation is extremely large. Therefore, there is a limit 
on quickly correcting the pickup unit with maintaining the 
accuracy in correction. 

0020) Further, because there is a possibility that the 
correction measurement wafer is rotated with respect to the 
field coordinate System of the pickup unit, template match 
ing with a single template pattern does not necessarily 
ensure accuracy in detecting position information of the 
croSS mark. 

SUMMARY OF THE INVENTION 

0021. This invention was made under such circum 
stances, and a first purpose of the present invention is to 
provide an image processing method and unit that can 
accurately estimate the boundary of areas. 

0022. Still further, a second purpose of the present inven 
tion is to provide a detecting method and unit that can 
accurately detect position information of an object as char 
acteristic information of the object. 

0023 Yet further, a third purpose of the present invention 
is to provide an exposure method and apparatus that can 
perform very accurate exposure. 

0024. According to a first aspect of the present invention, 
there is provided an image processing method with which to 
process an image, the processing method comprising the 
Steps of acquiring an image of a plurality of areas of which 
two adjacent areas have different image characteristics from 
each other; and analyzing the image with using the differ 
ence between image characteristics of the two adjacent areas 
to obtain information about a boundary between the two 
adjacent areas. 

0025. In the image processing method of this invention, 
the image includes first and Second areas which have intrin 
sic image patterns different from each other and between 
which the boundary cannot be detected as a continuous line 
based on the differences between individual pixel data, and 
the analyzing Step may comprise the Steps of calculating a 
texture characteristic's value in each position of a texture 
analysis window of a predetermined size based on pixel data 
in the texture analysis window, while moving the texture 
analysis window; and estimating a boundary between the 
first and Second areas based on a distribution of the texture 
characteristic's values calculated in the Step of calculating a 
texture characteristic's value. 

0026. In this case, in the step of calculating a texture 
characteristic's value, are calculated the texture character 
istic's values in the case where only the intrinsic pattern of 
the first area is present in the texture analysis window, the 
texture characteristic's values in the case where only the 
intrinsic pattern of the Second area is present in the texture 
analysis window, and the texture characteristic's values in 
the case where the intrinsic patterns of the first and Second 
areas are present in the texture analysis window. The way 
that the texture characteristic's value varies (or does not 
vary) differs between the above cases. Therefore, by ana 
lyzing a distribution of the texture characteristic's values in 
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the Step of estimating a boundary, the boundary between the 
first and Second areas can be accurately estimated as a 
continuous line. 

0027. Here, at least one of intrinsic patterns of the first 
and Second areas may be known. In this case, by Setting the 
Size of the texture analysis window to Such a size that the 
texture characteristic's value varies in a predetermined way 
(or does not vary at all) in the known intrinsic pattern area 
and identifying an area where the texture characteristic's 
value does not vary in the predetermined way, the boundary 
between the first and Second areas can be accurately esti 
mated as a continuous line. 

0028. In this case, the size of the texture analysis window 
may be determined according to the known intrinsic pattern. 
0029. In the case of performing texture analysis in the 
image processing method of this invention, when it is known 
that a specific area is a part of the first area in the image, the 
Step of calculating a texture characteristic's value may 
comprise the Steps of calculating the texture characteristic's 
value while changing a position of the texture analysis 
window in the Specific area and examining how the texture 
characteristic's value in the Specific area varies according to 
the position of the texture analysis window; and calculating 
the texture characteristic's value while changing a position 
of the texture analysis window outside the Specific area. 
0.030. In this case, in the examining step, a texture 
characteristic's value is obtained while a changing a position 
of the texture analysis window, and how the texture char 
acteristic's value in the Specific area varies according to a 
position of the texture analysis window is examined. The 
way that the texture characteristic's value varies in the 
Specific area obtained as examination results reflects the 
intrinsic pattern of the first area including the Specific area. 
Therefore, after calculating the texture characteristic's value 
while changing a position of the texture analysis window 
outside the Specific area in the Step of calculating a texture 
characteristic's value outside the Specific area, by identify 
ing an area different from the Specific area in the above Step 
of estimating a boundary, the boundary between the first and 
Second areas can be accurately estimated. 
0031. In the case of performing texture analysis in the 
image processing method of this invention, when it is known 
that a specific area is a part of the first area in the image, the 
Step of calculating a texture characteristic's value may 
comprise the Steps of calculating the texture characteristic's 
value while changing a position and size of the texture 
analysis window in the Specific area; and calculating a size 
of the texture analysis window with which the texture 
characteristic's value is Substantially constant regardless of 
a position of the texture analysis window in the Specific area. 

0032. In this case, in the step of calculating a texture 
characteristic's value in the Specific area, the texture char 
acteristic's value is calculated while changing a position and 
Size of the texture analysis window in the Specific area. 
Subsequently, in the Step of calculating a size of the texture 
analysis window, for each size of the texture analysis 
window, the way that the texture characteristic's value varies 
according to a position of the texture analysis window is 
examined to obtain a Size of the texture analysis window 
with which the texture characteristic's value is substantially 
constant. The Size of the texture analysis window which has 
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been obtained in this manner reflects the intrinsic pattern of 
the first area including the Specific area. Therefore, after 
calculating the texture characteristic's value while moving 
texture analysis window of the obtained size outside the 
Specific area and changing a position of the texture analysis 
window, by identifying areas where the texture characteris 
tic's value varies greatly in the above Step of estimating a 
boundary, the boundary between the first and Second areas 
can be accurately estimated. 
0033. In the case of performing texture analysis accord 
ing to the image processing method of this invention, the 
texture characteristic's value may be at least one of mean 
and variance of pixel data in the texture analysis window. 
0034) Further, in the case of performing texture analysis 
according to the image processing method of this invention, 
when weight information for pixels in the texture analysis 
window is predetermined according to respective distances 
of the pixels from the center of the texture analysis window, 
in the Step of calculating a texture characteristic's value, a 
texture characteristic's value of an image in the texture 
analysis window may be calculated based on the weight 
information and image data of the pixels. 
0035) In this case, in the step of calculating a texture 
characteristic's value, a texture characteristic's value of an 
image in the texture analysis window is calculated based on 
known weight information and image data of the pixels. AS 
a result, the texture characteristic's value can be obtained 
without or with little dependence of sensitivity on directions 
from a center position of the texture analysis window. It is 
understood that when Setting weight information, if a circle 
whose center coincides with a center position of a texture 
analysis window is within the texture analysis window, a 
Same weight determined according to a radius of the circle 
is Set as appropriate for respective pixels on the circumfer 
ence of the circle. Meanwhile, when a part of the circle is 
outside of the texture analysis window, if the part outside of 
the texture analysis window is large, weight for respective 
pixels on the circumference is set to be small (“0” is a lower 
limit). 
0036. Here, the texture analysis window may be a square, 
and the weight information may include intrinsic weight 
information which contains a ratio of a whole area of a 
rectangular Sub-area and an area of an inscribed circle area 
of the texture analysis window, an area in the texture 
analysis window being divided into the rectangular Sub 
areas corresponding to respective pixels. 

0037. In this case, pixels are weighted using isotropic 
intrinsic weight information that weights for pixels around 
the texture analysis window's center are about 1, weights for 
pixels in the four corners are about 0, and weights for other 
pixels including ones on the Sides are between 1 and 0. That 
is, a pixel whose distance from the center is greater than half 
of a side of the texture analysis window contributes less to 
the texture characteristics value. As a result, a contribution 
to the texture characteristic's value of a pixel on the cir 
cumference of a circle whose part is outside the texture 
analysis window is reasonably reduced from the isotropic 
point of view. Therefore, texture analysis can be easily and 
Speedily performed with isotropic Sensitivity. 

0038 Here, the weight information may further include 
additional weight information according to the type of 
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texture analysis. In this case, texture analysis can be per 
formed in accordance with types of texture analysis while 
maintaining isotropic Sensitivity. 
0039. In the image processing method of this invention, 
in the case of considering weight information in accordance 
with a position of the texture analysis window, the texture 
characteristic's value may be at least one of weighted mean 
and weighted variance of pixel data in the texture analysis 
window. 

0040 Yet further, in the image processing method of this 
invention, when the image is an image having no fewer than 
three tones that includes first and Second areas which are 
different from each other in brightness of pixels in the 
vicinity of the boundary, the analyzing Step may comprise 
the Steps of calculating a threshold to discriminate first and 
Second areas in the image from a distribution of brightness 
of the image; and estimating a position at which the bright 
neSS is estimated to be equal to the threshold in the bright 
neSS distribution of the image to be a boundary position 
between the first and Second areas. 

0041 According to this, from brightness distribution of 
the image, in the Step of calculating a threshold, a threshold 
to discriminate object and background areas is calculated. 
For example, when brightness of one pixel in the image is 
one of data and whole data in the image is divided into data 
groups of object area and data groups of background area, 
the threshold is calculated as a data value that minimizes the 
Sum of randomness in each group of data, (hereinafter this 
method is called an “entropy method”). It is remarked that 
in order to calculate a threshold, other discriminant analysis 
methods than the entropy method, and Statistical methods 
Such as a method which obtains the middle value between 
the mean of brightness in an area Surely included in the 
object area and the mean of brightness in an area Surely 
included in the background area can be used. 
0042. After the calculation of the threshold, in the step of 
estimating a boundary, a position where brightness is esti 
mated to be equal to the threshold from brightness distri 
bution of the image is estimated to be a boundary position 
between the first and Second areas (e.g. a position of an outer 
edge of the object). As a result, position information on the 
boundary can be obtained with accuracy on a Sub-pixel Scale 
(accuracy of a Sub-pixel level), which is much higher than 
accuracy on a pixel Scale (accuracy of a pixel level). 
0.043 Here, when the image is a set of brightness of a 
plurality of pixels arranged two-dimensionally along first 
and Second directions, the Step of estimating a boundary 
position may comprise the Step of estimating a first esti 
mated boundary position in the first direction based on 
brightness of first and Second pixels that have a first mag 
nitude relation and are adjacent to each other in the first 
direction in the image, and the threshold. 
0044) In this case, the first magnitude relation may be a 
relation where one of a first condition and a Second condition 
is fulfilled, in the first condition brightness of the first pixel 
being greater than the threshold and brightness of the Second 
pixel being not greater than the threshold, and in the Second 
condition brightness of the first pixel being not less than the 
threshold and brightness of the Second pixel being less than 
the threshold. 

0.045. Here, the first estimated boundary position may be 
at a position which divides internally a line Segment joining 
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the centers of the first and Second pixels in proportion to an 
absolute value of difference between brightness of the first 
pixel and the threshold, and an absolute value of difference 
between brightness of the second pixel and the threshold. 
0046. In the image processing method of this invention, 
when the first magnitude relation is used, the Step of 
estimating a boundary position may further comprise the 
Step of estimating a Second estimated boundary position in 
the second direction based on brightness of third and fourth 
pixels that have a Second magnitude relation and are adja 
cent to each other in the Second direction in the image, and 
the threshold. 

0047. Here, the second magnitude relation may be a 
relation where one of a third condition and a fourth condition 
is fulfilled, in the third condition brightness of the third pixel 
being greater than the threshold and brightness of the fourth 
pixel being not greater than the threshold, and in the fourth 
condition brightness of the third pixel being not less than the 
threshold and brightness of the fourth pixel being less than 
the threshold. 

0048. In this case, the second estimated boundary may be 
at a position which divides internally a line Segment joining 
the centers of the third and fourth pixels in proportion to an 
absolute value of difference between brightness of the third 
pixel and the threshold, and an absolute value of difference 
between brightness of the fourth pixel and the threshold. 
0049 Still further, in the image processing method of this 
invention, when the image has no fewer than three areas 
divided by no fewer than three boundary lines extending 
radially from a specific point, the analyzing Step may 
includes the Steps of preparing a template pattern that 
includes at least three line pattern elements extending from 
a reference point, and when the reference point coincides 
with the Specific point the at least three line pattern elements 
extend through respective areas of the no fewer than three 
areas and have level values corresponding to predicted level 
values of the respective areas, and calculating a correlation 
value between the image and the template pattern in each 
position of the image, while moving the template pattern in 
the image. 
0050. In this case, in estimating a boundary when the 
image has no fewer than three areas divided by no fewer 
than three boundary lines extending radially from a specific 
point, first, in the Step of preparing a template pattern, a 
template pattern that includes at least three line pattern 
elements is obtained, the at least three line pattern elements 
extending from the reference point through the respective 
areas of the no few than three areas of a mark when the 
reference point coinciding with the Specific point. Here, 
respective line pattern elements are Set to have level values 
corresponding to predicted level values of the respective 
areas For example, a magnitude relation between level 
values of line pattern elements is Set to be a Same magnitude 
relation as the respective areas are predicted to have. That is, 
when a predicted level value of one area of the respective 
areas is greater than (, equal to or less than) predicted level 
values of other respective areas, a predicted level value of 
one line pattern which corresponds to the one area is Set to 
be greater than (, equal to or less than) predicted level values 
of other line patterns. 
0051) Subsequently, in the step of calculating a correla 
tion value, while moving the prepared template pattern, a 
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correlation value between the image and the template pattern 
in each position of the image is calculated. In the calculation 
of the correlation value in each position, because the tem 
plate pattern has the plurality of one-dimensional line pat 
terns, computational effort is far less than in the case of using 
a planar template pattern. Further, even if the object has been 
Slightly rotated, the relation between the line patterns and the 
corresponding respective areas when the reference point 
coincides with the Specific point is ensured. Therefore, the 
correlation value can be calculated more quickly than in the 
conventional methods. 

0.052 Here, each of the line pattern elements may extend 
along a bisector of an angle predicted to be made by 
boundary lines of the respective areas in the image. 
0053. Further, the numbers of the no fewer than three 
boundary lines and the no fewer than three areas may be 
four, and out of the four boundary lines, two boundary lines 
may be Substantially on a first Straight line, and the other two 
boundary lines are Substantially on a Second Straight line. 
0054. In this case, the first and second straight lines may 
be perpendicular to each other. 
0055. Further, the number of the line pattern elements 
may be four. 
0056. Here, among the four areas in the image, adjacent 
two areas may be different from each other in level value, 
and two areas diagonal across the Specific point may be 
Substantially the same in level value. 
0057. Further, level values of the line pattern elements 
may have a Same magnitude relation as a magnitude relation 
of level values that the respective areas in the image are 
predicted to have. 
0.058 According to a second aspect of the present inven 
tion, there is provided an image processing unit which 
processes an image, the processing unit comprising an 
image acquiring unit that acquires an image of a plurality of 
areas of which two adjacent areas have different image 
characteristics from each other; and an image analyzing unit 
that analyzes the image with using the difference between 
image characteristics of the two adjacent areas to obtain 
information about a boundary between the two adjacent 
CS. 

0059. In the image processing unit according to this 
invention, when the image includes first and Second areas 
which have intrinsic image patterns different from each 
other and between which the boundary cannot be detected as 
a continuous line based on the differences between indi 
vidual pixel data, the image analyzing unit may comprise a 
characteristic value calculating unit that calculates a texture 
characteristic's value in each position of a texture analysis 
window of a predetermined size based on pixel data in the 
texture analysis window, while moving the texture analysis 
window; and a boundary estimating unit that estimates the 
boundary between the first and Second areas based on a 
distribution of the texture characteristic's values calculated 
by the characteristic value calculating unit. 
0060. In this case, the characteristic value calculating unit 
calculates the texture characteristic's values in the case 
where only the intrinsic pattern of the first area is present in 
the texture analysis window, the texture characteristic's 
values in the case where only the intrinsic pattern of the 
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Second area is present in the texture analysis window, and 
the texture characteristic's values in the case where the 
intrinsic patterns of the first and Second areas are present in 
the texture analysis window. And the boundary estimating 
unit analyzes a distribution of the texture characteristic's 
values to estimate the boundary between the first and Second 
areas. That is, the image processing unit according to the 
present invention estimates the boundary of the first and 
Second areas with the image processing method according to 
the present invention. Therefore, the boundary between the 
first and Second areas can be accurately estimated as a 
continuous line. 

0061 Here, when at least one of intrinsic patterns of the 
first and Second areas is known, the characteristic value 
calculating unit may calculate the texture characteristic's 
value while moving the texture analysis window whose size 
has been determined according to the known intrinsic pat 
tern. In this case, the characteristic value calculating unit 
calculates the texture characteristic's value while moving 
the texture analysis window whose size has been Set to Such 
a size that the texture characteristic's value varies in a 
predetermined way in the known intrinsic pattern area. In a 
distribution of the texture characteristic's values obtained in 
this manner, the boundary estimating unit identifies an area 
where the texture characteristic's value varies in a way 
different from the predetermined way, So that it can accu 
rately estimate the boundary between the first and Second 
CS. 

0062 Further, when it is known that a specific area is a 
part of the first area in the image, the characteristic value 
calculating unit may obtain a size of the texture analysis 
window with which the texture characteristic's value is 
Substantially constant regardless of a position of the texture 
analysis window in the Specific area and calculate the texture 
characteristic's value while moving the texture analysis 
window of the obtained size. 

0063. In this case, the characteristic value calculating unit 
calculates the texture characteristic's value while changing 
a position and Size of the texture analysis window in the 
Specific area. Subsequently, for each size of the texture 
analysis window, the way that the texture characteristic's 
value varies according to a position of the texture analysis 
window is examined to obtain a size of the texture analysis 
window with which the texture characteristic's value is 
Substantially constant. Subsequently, the characteristic value 
calculating unit calculates the texture characteristic's value 
while moving the texture analysis window of the obtained 
Size outside the Specific area and changing a position of the 
texture analysis widow. And the boundary estimating unit 
accurately estimates the boundary between the first and 
Second areas by identifying areas where the texture charac 
teristic's value varies greatly. 
0064. Further, the characteristic value calculating unit 
may comprise a weight information computing unit that 
obtains weight information for pixels in the texture analysis 
window according to respective distances of the pixels from 
the center of the texture analysis window, and a weighted 
characteristic value calculating unit that calculates a texture 
characteristic's value of an image in the texture analysis 
window based on the weight information and image data of 
the pixels. 
0065 According to this, the weight information comput 
ing unit obtains weight information containing weights of 
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pixels which have the same distance from the center of the 
texture analysis window being the same weights, and the 
characteristic value calculating unit calculates a texture 
characteristic's value of an image in the texture analysis 
window based on the weight information obtained by the 
weight information computing unit and image data of the 
pixels. That is, the image processing unit of this invention 
performs image processing by using the image processing 
method of this invention. Therefore, texture analysis can be 
performed with isotropic Sensitivity, and image processing 
which requires analysis with respect to various directions 
can be performed accurately with high tolerance to noise. 

0.066 Here, the texture analysis window may be a square, 
and the weight information computing unit may comprise a 
intrinsic weight calculating unit that calculates intrinsic 
weight information which corresponds to a ratio of an 
inscribed circle area of the texture analysis window to a 
whole area of a rectangular Sub-area in each rectangular 
Sub-area, the texture analysis window being divided into the 
rectangular Sub-areas according to respective pixels in the 
image. In this case, the intrinsic weight calculating unit 
calculates intrinsic weight information which is simple and 
reasonable as weight information to perform texture analysis 
with isotropic Sensitivity. Therefore, texture analysis can be 
easily and Speedily performed with isotropic Sensitivity. 

0067. In the image processing unit according to this 
invention, when the image is an image having no fewer than 
three tones that includes first and Second areas which are 
different from each other in brightness of pixels in the 
vicinity of the boundary, the image analyzing unit may 
comprise a threshold calculating unit that calculates a 
threshold to discriminate first and Second areas in the image 
from a distribution of brightness of the image, and a bound 
ary position estimating unit that estimates a position at 
which the brightness is estimated to be equal to the threshold 
based on a brightness distribution of the image to be a 
boundary position between the first and Second areas. 

0068 According to this, a threshold calculating unit 
calculates a threshold to discriminate first and Second areas 
from the brightness distribution of the image. And a bound 
ary estimating unit estimates a continuous distribution of 
brightness from a discrete distribution of brightness in the 
image, and estimates a position at which brightness is 
estimated to be equal to the threshold in the continuous 
distribution to be a boundary between the first and second 
areas. Therefore, the boundary position can be estimated 
with accuracy on a Sub-pixel Scale (accuracy of a Sub-pixel 
level), which is much higher than accuracy on a pixel Scale 
(accuracy of a pixel level). 
0069. In the image processing unit according to this 
invention, when the image has no fewer than three areas 
divided by no fewer than three boundary lines extending 
radially from a specific point, the image analyzing unit may 
comprise a template preparing unit that prepares a template 
pattern that includes at least three line pattern elements 
extending from a reference point, and when the reference 
point coincides with the Specific point, the at least three line 
pattern elements extend through respective areas of the no 
fewer than three areas and have level values corresponding 
to predicted level values of the respective areas, and a 
correlation calculating unit that calculates a correlation 
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value between the image and the template pattern in each 
position of the image, while moving the template pattern in 
the image. 
0070 According to this, the correlation calculating unit 
calculates a correlation value between the image and the 
template pattern in each position of the image using a 
template pattern Stored in a storage unit, while moving the 
template pattern. Here, a mark has no fewer than three areas 
divided by no fewer than three boundary lines extending 
radially from a specific point, and a template pattern includ 
ing at least three line pattern elements is used, the at least 
three line pattern elements extending through respective 
areas of the no fewer than three areas of the mark and having 
level values corresponding to predicted level values that the 
respective areas is predicted to have when the image of the 
mark is picked up, when the reference point coinciding with 
the Specific point of the mark. Therefore, the correlation 
value can be calculated more quickly, compared to the 
conventional image processing units. 
0071. In the image processing unit according to this 
invention, the image acquiring unit may be an image picking 
up unit. 
0072 According to a third aspect of the present inven 
tion, there is provided a detecting method with which to 
detect characteristic information of an object based on a 
distribution of light through the object when illuminating the 
object, the detecting method comprising the Steps of pro 
cessing an image formed by the light through the object with 
the image processing method according to the present inven 
tion; and detecting characteristic information of the object 
based on the processing result of the Step of processing an 
image. 
0073. According to this, in the step of processing an 
image, image processing is performed by using the image 
processing method according to the present invention, and 
the estimation of the boundary in the image is accurately 
performed. Further, in the detecting Step characteristic infor 
mation of the object is detected based on the result of 
processing the image. Therefore, the characteristic informa 
tion of the object can be accurately detected. 

0074. In the detecting method of this invention, the 
characteristic information of the object may be shape infor 
mation of the object. 

0075) Further, in the detecting method of this invention, 
the characteristic information of the object may be position 
information of the object. 
0076 Yet further, in the detecting method of this inven 
tion, when the object is at least one optical element, the 
characteristic information of the object may be optical 
characteristic information of the at least one optical element. 
0077 According to a fourth aspect of the present inven 
tion, there is provided a detecting unit which detects char 
acteristic information of an object based on a distribution of 
light through the object when illuminating the object, the 
detecting unit comprising an image processing unit accord 
ing to the present invention, which processes an image 
formed by the light through the object; and a characteristic 
detecting unit that detects characteristic information of the 
object based on the processing result of the image proceSS 
ing unit. 
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0078. According to this, an image processing unit of this 
invention processes an image to accurately estimate a 
boundary in the image, and a characteristic detecting unit 
detects characteristic information of the object based on the 
result of processing the image. Therefore, characteristic 
information of the object can be detected accurately. 

0079. In the detecting unit of this invention, the charac 
teristic information of the object may be shape information 
of the object. 

0080 Further, in the detecting unit of this invention, the 
characteristic information of the object may be position 
information of the object. 
0.081 Still further, in the detecting unit of this invention, 
when the object includes at least one optical element, the 
characteristic information of the object may be optical 
characteristic information of the at least one optical element. 
0082) According to a fifth aspect of the present invention, 
there is provided an exposure method with which to transfer 
a given pattern onto a Substrate, the exposure method 
comprising the Steps of detecting position information of the 
Substrate with the detecting method according to this inven 
tion; and transferring the given pattern onto the Substrate 
while controlling a position of the Substrate based on the 
position information of the Substrate detected in the Step of 
detecting position information. According to this, in the 
detecting Step, position information of the Substrate Subject 
to exposure is accurately detected by using the detecting 
method of this invention. And, in the transferring step, the 
Substrate is exposed while controlling a position of the 
Substrate is controlled based on the detected position infor 
mation, and the given pattern is transferred onto the Sub 
Strate. Therefore, the given pattern can be accurately trans 
ferred onto a Substrate. 

0.083. According to a sixth aspect of the present inven 
tion, there is provided an exposure method with which to 
transfer a given pattern onto a Substrate by illuminating with 
an exposure beam via an optical System, the exposure 
method comprising the Steps of detecting optical character 
istic information of the optical System with the detecting 
method according to this invention; and transferring the 
given pattern onto the Substrate based on the detecting result 
of the Step of detecting optical characteristic information. 
According to this, in the detecting Step, optical characteristic 
information of the optical System is accurately detected by 
using the detecting method of this invention, and in the 
transferring Step, the Substrate is exposed based on the 
detected characteristic information and the given pattern is 
transferred onto the Substrate. Therefore, the given pattern 
can be accurately transferred onto a Substrate. 
0084. According to a seventh aspect of the present inven 
tion, there is provided an exposure apparatus which transfers 
a given pattern onto a Substrate, the exposure apparatus 
comprising a detecting unit according to this invention, 
which detects position information of the Substrate; and a 
Stage unit that has a Stage on which the Substrate is mounted, 
the position information of the Substrate being detected by 
the detecting unit. According to this, a detecting unit accord 
ing to this invention accurately detects position information 
of the Substrate Subject to exposure, and by mounting the 
Substrate which position information has been detected in 
this manner on the Stage of the Stage unit to perform position 
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control, a position of the Substrate is accurately controlled. 
Therefore, the given pattern can be accurately transferred by 
exposing a Substrate whose position is accurately controlled. 
0085. According to an eighth aspect of the present inven 
tion, there is provided an exposure apparatus which transfers 
a given pattern onto a Substrate by illuminating with an 
exposure beam, the exposure apparatus comprising an opti 
cal System that guides the exposure beam to the Substrate; 
and a detecting unit according to this invention, which 
detects characteristic information of the optical System. 
According to this, a detecting unit of this invention accu 
rately detects characteristic information of the optical Sys 
tem that guides the exposure beam to the Substrate. There 
fore, the given pattern can be accurately transferred onto a 
Substrate by performing exposure on the Substrate using the 
optical System whose characteristic has been accurately 
detected, and adjusting exposure parameters based on the 
characteristic of the optical System. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0086 FIG. 1 is a schematic view showing the construc 
tion of an exposure apparatus according to a first embodi 
ment, 

0087 FIG. 2 is a schematic view showing the construc 
tion of a light Source image pick-up unit and its neighbor 
hood in FIG. 1; 
0088 FIG. 3 is a plan view schematically showing the 
construction of a pre-alignment detection System and its 
neighborhood in FIG. 1; 
0089 FIG. 4 is a block diagram showing the construction 
of a main control system of the apparatus in FIG. 1; 
0090 FIG. 5 is a block diagram showing the construction 
of a wafer shape computing unit and a wafer shape compu 
tation data store area in FIG. 4; 
0091 FIG. 6 is a block diagram showing the construction 
of a shape of light Source image computing unit and a shape 
of light Source image computation data Store area in FIG. 4; 
0092 FIG. 7 is a flow chart for explaining the operation 
of the apparatus in FIG. 1; 
0093 FIG. 8 is a flow chart for explaining the process of 
an illumination O measurement Subroutine in FIG. 7; 
0094 FIG. 9 is a view for explaining the optical arrange 
ment when picking up a light Source image; 
0.095 FIGS. 10A to 10C are views for explaining the 
result of picking up a light Source image; 
0096 FIG. 11 is a flow chart for explaining the process 
of a texture analysis subroutine in FIG. 8; 
0097 FIGS. 12A and 12B are views for explaining the 
process of calculating weight information; 

0.098 FIGS. 13A and 13B are views for explaining the 
initial and final positions of a texture analysis window; 
0099 FIGS. 14A and 14B are views for explaining 
variance as a function of position from measurement of 
illumination a, 

0100 FIGS. 15A to 15C are views for explaining the 
picking-up results of the pre-alignment detection System; 
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0101 FIG. 16 is a flow chart for explaining the process 
of a wafer shape measurement Subroutine; 

0102 FIGS. 17A to 17C are views for explaining 
examples of position of the texture analysis window; 

0103 FIGS. 18A to 18C are views for explaining vari 
ance as a function of position from measurement of a 
wafer's shape and the estimated outer edge of the wafer; 

0104 FIG. 19 is a view for explaining a modified 
example of weight information; 

0105 FIG. 20 is a plan view schematically showing the 
construction of a pre-alignment detection System and its 
neighborhood in the Second embodiment; 

0106 FIG. 21 is a block diagram showing the construc 
tion of a main control System in the Second embodiment; 

0107 FIGS. 22A to 22C are views for explaining the 
picking-up results of the pre-alignment detection System; 

0108 FIG. 23 is a flow chart for explaining the process 
of a wafer shape measurement Subroutine; 

0109 FIG. 24 is a flow chart for explaining the process 
of a threshold calculating subroutine in FIG. 23; 

0110 FIGS. 25A and 25B are views for explaining 
calculation of a threshold by use of a least-entropy method; 

0111 FIGS. 26A and 26B are views for explaining the 
principle of estimating the position of an Outer edge in the 
Second embodiment (part 1); 
0112 FIGS. 27A and 27B are views for explaining the 
principle of estimating the position of an outer edge in the 
Second embodiment (part 2); 
0113 FIG. 28 is a flow chart for explaining the process 
of an outer edge position estimation subroutine in FIG. 23; 

0114 FIG. 29 is a view for explaining the size and 
arrangement of pixels in a pickup field; 

0115 FIG. 30 is a block diagram showing the construc 
tion of a main control System in the third embodiment; 

0116 FIG. 31 is a flow chart for explaining the exposure 
operation in the third embodiment; 

0117 FIG. 32 is a flow chart for explaining the process 
of a correction Subroutine in FIG. 31; 

0118 FIGS. 33A and 33B are views for explaining the 
construction of a measurement wafer; 

0119 FIGS. 34A to 34C are views for explaining the 
results of picking up an image of the measurement wafer; 
and 

0120 FIG. 35 is a view for explaining a template pattern. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0121 <<A First Embodiment>> 

0122) A first embodiment of the present invention will be 
described below with reference to FIGS. 1 to 18. 
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0123 FIG. 1 shows the schematic construction and 
arrangement of an exposure apparatus 100 according to this 
embodiment, which is a projection exposure apparatus of a 
Step-and-Scan type. 

0.124. This exposure apparatus 100 comprises an illumi 
nation System 10 emitting exposure illumination light as an 
exposure beam, a reticle Stage RST for holding a reticle R, 
a projection optical System PL as an optical System, a wafer 
stage 45 as a stage unit on which a substrate table 18 is 
mounted that moves two-dimensionally on an X-Y plane 
with holding a wafer W as a Substrate, a pre-alignment 
detection System RAS as a pick-up unit for picking up the 
outer shape of the wafer W, an alignment detection System 
AS for viewing marks formed on the wafer W, a light source 
image pick-up unit 30 as a pick-up unit for picking up light 
Source images on the entrance pupil plane of the projection 
optical System PL, and a control System for controlling 
these. 

0.125 The illumination system 10 comprises a light 
Source unit, a shutter, an optical integrator 12, a beam 
Splitter, a collective lens System, a reticle blind, an imaging 
lens System, and the like (none are shown except for the 
fly-eye array lens 12). As the optical integrator, a fly-eye 
lens, an inner-Surface-reflective-type integrator (rod integra 
tor, etc.) or a diffractive optical element is used. The 
construction of the illumination system 10 is disclosed in, 
for example, Japanese Patent Application Laid-Open No. 
10-112433 and U.S. Pat. No. 5,502,311 corresponding 
thereto. The disclosure in the above Japanese Patent Appli 
cation Laid-open and U.S. Patent is incorporated herein by 
reference as long as the national laws in designated States or 
elected States, to which this international application is 
applied, permit. 

0.126 Here, as the light Source unit, an excimer laser Such 
as KrF excimer laser (with a wavelength of 248 nm) or ArF 
excimer laser (with a wavelength of 193 nm), F laser (with 
a wavelength of 157 nm), Ara laser (with a wavelength of 
126 nm), a harmonic wave generator using a copper vapor 
laser or YAG laser, an ultra high pressure mercury lamp 
(g-line, i-line, etc.), or the like is used. 
0127. The operation of the illumination system 10 having 
such construction will be briefly described in the following. 
The illumination light emitted from the light source unit is 
made incident on the optical integrator when the shutter is 
open. For example, when a fly-eye lens is used as the optical 
integrator, a Surface light Source (hereinafter called a "illu 
minant image') composed of a lot of light Source images, i.e. 
a Secondary light Source, is formed on a focus plane on the 
exit Side. The illumination light Sent from the optical inte 
grator reaches the reticle blind through the beam splitter and 
collective lens System, and, after having passed through the 
reticle blind, is sent toward a mirror M through the imaging 
lens System. 

0128. After that, the illumination light IL is deflected 
vertically downwards by the mirror M and illuminates a 
rectangular illumination area IAR on a reticle R held on the 
reticle stage RST. 
0129. On the reticle stage RST, a reticle R is fixed by, 
e.g., vacuum chuck. The reticle Stage RST is constructed to 
be able to be driven finely and two-dimensionally (in X and 
Y directions and rotationally about a Z axis perpendicular to 
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an X-Y plane) on the X-Y plane perpendicular to the optical 
axis IX (coinciding with the optical axis AX of a projection 
optical system PL) of the illumination system 10 in order to 
position the reticle R. 
0130. Further, the reticle stage RST can be driven at 
Specified Scanning Speed in a predetermined Scanning direc 
tion (herein, parallel to the Y direction) on a reticle base (not 
shown) by a reticle stage driving unit (not shown) consti 
tuted by a linear motor, etc., and has Such a movement Stroke 
that the optical axis IX of the illumination System croSSes at 
least the whole area of the reticle R. 

0131 Fixed on the reticle stage RST is a movable mirror 
15 that reflects the laser beam from a reticle laser interfer 
ometer 16 (hereinafter, referred to as a “reticle interferom 
eter”), and the position of the reticle stage RST in the plane 
where the Stage moves is always detected by the reticle 
interferometer 16 with resolving power of, e.g., about 0.5 to 
1 nm. In practice, provided on the reticle Stage RST are a 
movable mirror (or at least one corner-cube-type mirror) 
having a reflective Surface perpendicular to the Scanning 
direction (Y direction) and a movable mirror having a 
reflective Surface perpendicular to the non-Scanning direc 
tion (X direction), and the reticle interferometer 16 has a 
plurality of axes in each one of the Scanning and non 
Scanning directions, as representatively shown by the mov 
able mirror 15 and the reticle interferometer 16 in FIG. 1. 
Incidentally, for example, the end face of the reticle Stage 
RST may be processed to be reflective to form the reflective 
Surface. 

0132) The position information (or speed information) 
RPV of the reticle stage RST is sent from the reticle 
interferometer 16 through the stage control system 19 to the 
main control System 20, and the Stage control System 19, 
according to instructions from the main control System 20, 
drives the reticle Stage RST via the reticle Stage driving 
portion (not shown) based on the position information (or 
speed information) RPV of the reticle stage RST. 
0133. It is remarked that because the reticle stage RST is 
moved to Such an initial position that the reticle R is 
accurately positioned in a predetermined reference position 
by a reticle alignment System (not shown), the position of 
the reticle R is measured accurately enough only by mea 
Suring the position of the movable mirror 15 by means of the 
reticle interferometer 16. 

0134) The projection optical system FL is held by a main 
body column (not shown) underneath the reticle R, of which 
System the optical axis is parallel to the Z axis, and which 
comprises a plurality of lens elements (refractive optical 
elements) arranged a predetermined distance apart from 
each other along the optical axis and a lens barrel holding 
these lens elements, and the pupil plane of the projection 
optical System is conjugate to the Secondary light Source and 
has a positional relation of fourier transformation with the 
Surface of the reticle R. Further, an aperture Stop 42 is 
provided near the pupil plane, and by changing the aper 
ture's size thereof, the numerical aperture (N.A.) of the 
projection optical System PL can be freely adjusted. By 
changing the aperture diameter of an iris Stop herein used as 
the aperture Stop 42 by means of a Stop driving mechanism 
(not shown), which is controlled by the main control System 
20, the numerical aperture of the projection optical System 
PL can be changed within a predetermined range. Herein, 
the aperture diameter of the aperture Stop 42 is Set at Dr. 
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0.135 Diffracted light having passed through the aperture 
Stop 42 contributes to the imaging on the wafer W conjugate 
to the reticle R. 

0.136 Therefore, when the illumination area of the reticle 
R is illuminated with the illumination light IL from the 
illumination System, the reduced image of the circuit pat 
tern's part in the illumination area IAR on the reticle R is, 
with a predetermined reduction ratio, e.g. 1/4 or 1/5, pro 
jected and formed by the illumination light IL having passed 
through the reticle R and the projection optical System PL on 
the wafer W coated with a resist (photosensitive material), 
the reduced image being an inverted image. 
0137) The wafer stage WST is constructed to be able to 
be finely moved on a base BS in the Scanning direction, the 
Y direction (the lateral direction in FIG. 1), and in the X 
direction (a direction perpendicular to the drawing of FIG. 
1) perpendicular to the Y direction by, e.g., a two-dimen 
sional linear actuator. Mounted on the wafer stage WST is a 
substrate table 18 on which a wafer holder 25 holding a 
wafer W by vacuum chuck is provided. The wafer stage 
WST, the Substrate table 18, and the wafer holder 25 
compose a Substrate Stage unit 45. 
0.138. The substrate table 18 is positioned and fixed on 
the wafer stage WST such that it can be moved in the Z 
direction and can be tilted, and is Supported at three different 
points by three axes (not shown) each of which is driven 
independently and in the Z direction by a wafer Stage driving 
unit 21 as a driving mechanism Such that the Surface position 
(position in the Z direction and tilt to the X-Y plane) of a 
wafer W held on the Substrate table 18 is set to a desired 
state. Further, the wafer holder 25 can be rotated about the 
Z axis, and therefore the wafer holder 25 is driven in six 
degree of freedom directions by the two-dimensional linear 
actuator and the driving mechanism that are representatively 
indicated by the wafer stage driving unit 21 in FIG. 1. 
0139 Fixed on the substrate table 18 is a movable mirror 
27 for reflecting the laser beam from a wafer laser interfer 
ometer 28 (hereinafter, referred to as a “wafer interferom 
eter”), and the position of the substrate table 18 in the X-Y 
plane is always detected by the wafer interferometer 28 with 
resolving power of, e.g., about 0.5 to 1 nm. 
0140 Here, in reality, as shown in FIG. 3, provided on 
the substrate table 18 are a movable mirror 27X having a 
reflective Surface perpendicular to the Scanning direction (Y 
direction) and a movable mirror 27Y having a reflective 
Surface perpendicular to the non-Scanning direction (X 
direction), and the wafer interferometer 28 has wafer inter 
ferometers 28X and 28Y that have a plurality of measure 
ment axes in the X and Y directions respectively, as repre 
sentatively shown by the movable mirror 27 and the wafer 
interferometer 28 in FIG. 1. Incidentally, for example, the 
end face of the substrate table 18 may be processed to be 
reflective to form the reflective surface. The position infor 
mation (or speed information) WPV of the substrate table 18 
(thus position information or speed information of the wafer 
W and the wafer stage WST) is sent through the stage 
control system 19 to the main control system 20, and based 
on the position information (or speed information) WPV, the 
Stage control System 19, according to instructions from the 
main control system 20, controls the movement of the wafer 
stage WST via the wafer stage driving portion 24. The main 
control System 20 and the Stage control System 19 compose 
the control System. 
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0141 Moreover, fixed on the substrate table 18 is a 
reference mark plate (not shown) on which various reference 
marks for base line measurement, etc., are formed in which 
measurement the distance between the detection center of 
the alignment detection System AS of an off-axis-type later 
described and the optical axis of the projection optical 
System PL is measured. 
0142. In addition, disposed on the wafer stage WST is the 
light Source image pick-up unit 30 as an illumination O 
Sensor for picking up an image on the entrance pupil plane 
of the projection optical System PL corresponding to the 
illuminant image, and the light Source image pick-up unit 
30, as shown in FIG. 2, comprises a container 31 whose 
upper face is at the same Z position as the Surface of the 
wafer W held on the wafer holder 25 and has a pinhole PH 
formed thereon and a two-dimensional pick-up device 32 
fixed on the inner bottom of the container. Here, the light 
receiving face of the two-dimensional pick-up device 32 is 
positioned at a position a distance H in the Z direction below 
the upper face of the container 31 So as to be conjugate to 
the pupil plane of the projection optical System PL. It is 
assumed that a projection ratio Bs with which an image on 
the entrance pupil plane is projected onto the light receiving 
face of the two-dimensional pick-up device 32 is known. 
0143 Referring back to FIG. 1, the pre-alignment detec 
tion system RAS is held above the base BS and apart from 
the projection optical System PL by a holding member (not 
shown), and comprises three pre-alignment Sensors 40A, 
40B, 40C for detecting three positions on the periphery of a 
wafer w which has been transported by a wafer loader (not 
shown) and is held on the wafer holder 25 and a pre 
alignment control unit 41 for processing pick-up result data 
IMA, IMB, IMC from the respective pre-alignment sensors 
40A, 40B, 40C. 

0144. These three pre-alignment sensors 40A, 40B, 40C, 
as shown in FIG. 3, are arranged an angular distance of 120 
degrees apart from each other on a circle having a prede 
termined radius (almost equal to the radius of the wafer W). 
One of them, herein the pre-alignment Sensor 40A, is 
disposed in a position where it can detect a V-shaped notch 
N of the wafer W on the wafer holder 25. The pre-alignment 
Sensor is a CCD camera as an image-processing-type Sensor 
composed of a pick-up device Such as CCD and an image 
processing circuit or the like. Hereinafter, the pre-alignment 
sensors 40A, 40B, 40C are also called CCD cameras 40A, 
40B, 40C. 

0145 The pre-alignment control unit 41 comprises an 
image processing System that, under the control of the main 
control system 20, collects pick-up result data IMA, IMB, 
IMC from the CCD cameras 40A, 40B, 40C and sends 
image data IMD1 including them to the main control System 
2O 

0146 Incidentally, before the wafer W is transferred onto 
the wafer holder 25, that is, while it is held by the wafer 
loader, the pre-alignment detection System RAS may pickup 
the images of three parts on the periphery of the wafer W. 
0147 The alignment detection system AS is disposed on 
the Side face of the projection optical System PL, and in this 
embodiment is an alignment microscope of an off-axis-type 
having an imaging alignment Sensor that ViewS Street lines 
or position detection marks (fine alignment marks) formed 
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on the wafer W. The construction of this alignment detection 
System AS is disclosed in detail in, for example, Japanese 
Patent Application Laid-Open No. 9-219354 and U.S. Pat. 
No. 5,859,707 corresponding thereto. The disclosure in the 
above Japanese Patent Application Laid-Open and U.S. 
Patent is incorporated herein by reference as long as the 
national laws in designated States or elected States, to which 
this international application is applied, permit. Image data 
IMD2, the result of the alignment detection system AS 
Viewing the wafer W, is Supplied to the main control System 
2O. 

0.148. The apparatus in FIG. 1 further comprises a multi 
focus position detection System (not shown) that is of an 
oblique-incidence type that detects the position in the Z 
direction (optical axis direction) of the wafer W’s surface at 
measurement points in and around a projection area IA on 
the wafer W (conjugate to the illumination area IAR). This 
multi focus position detection System comprises an illumi 
nation optical System having an optical fiber bundle, a 
collective lens, a pattern forming plate, a lens, a mirror, and 
an objective lens and a light receiving optical System having 
an objective lens, a rotationally vibrating plate, an imaging 
lens, a slit plate for receiving light, and a light receiving unit 
composed of a lot of photo Sensors (none are shown). The 
construction of this multifocal detection System is disclosed 
in detail in, for example, Japanese Patent Application Laid 
Open No. 6-283403 and U.S. Pat. No. 5,448,332 corre 
sponding thereto. The disclosure in the above Japanese 
Patent Application Laid-Open and U.S. Patent is incorpo 
rated herein by reference as long as the national laws in 
designated States or elected States, to which this international 
application is applied, permit. 

014.9 The main control system 20, as shown in FIG. 4, 
comprises a main controller 50 and a storage unit 70. The 
main controller 50 comprises (a) a controller 59 for con 
trolling the overall operation of the exposure apparatus 100 
by, among other things, Supplying Stage control data SCD 
based on the position information (or speed information) 
RPV, WPV of the reticle R and the wafer W, (b) a wafer 
shape computing unit 51 for measuring the outer shape of 
the wafer W by using image data IMD1 from the pre 
alignment detection System RAS, to detect the center posi 
tion and radius of the wafer W, and (c) a shape of lightSource 
image computing unit 61 for measuring the outer shape of 
the illuminant image by using image data IMD3 from the 
light Source image pick-up unit 30, to detect the center 
position and radius of the illuminant image. The Storage unit 
70 comprises a wafer shape computation data Store area 71 
for Storing data generated by the wafer shape computing unit 
51 and a shape of light Source image computation data Store 
area 81 for Storing data generated by the shape of light 
Source image computing unit 61. 
0150. The wafer shape computing unit 51, as shown in 
FIG. 5, comprises (i) an image data collecting unit 52 for 
collecting image data IMD1 from the pre-alignment detec 
tion System RAS, (ii) a characteristic value calculating unit 
53 for calculating a texture characteristic's values from data 
collected by the image data collecting unit 52, (iii) a 
boundary estimating unit 56 for estimating the boundary 
between the wafer's image and a background image by 
analyzing the distribution of the texture characteristic's 
values calculated by the characteristic value calculating unit 
53, (iv) a parameter calculating unit 57 as a characteristic 
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detecting unit for calculating the center position and radius 
of the wafer W as shape parameters thereof based on the 
estimating result of the boundary estimating unit 56. The 
characteristic value calculating unit 53 comprises a weight 
information computing unit 54 for obtaining weight for the 
datum of each pixel in a texture analysis window and a 
weighted characteristic value calculating unit 55 for calcu 
lating a texture characteristic's value of the image in the 
texture analysis window based on weight information and 
the datum of each pixel. 
0151. The wafer shape computation data store area 71 
comprises an image data Store area 72, a weight information 
Store area 73, a texture characteristic value Store area 74, an 
estimated boundary position Store area 75, and a character 
istic detecting result Store area 76. 
0152 The shape of light source image computing unit 61, 
as shown in FIG. 6, has the same construction as the wafer 
shape computing unit 51, that is, comprises (i) an image data 
collecting unit 62 for collecting image data IMD3 from the 
light Source image pick-up unit 30, (ii) a characteristic value 
calculating unit 63 for calculating a texture characteristic's 
values from data collected by the image data collecting unit 
62, (iii) a boundary estimating unit 66 for estimating the 
boundary between the illuminant image and a background 
image by analyzing the distribution of the texture charac 
teristic's values calculated by the characteristic value cal 
culating unit 63, (iv) a parameter calculating unit 67 as a 
characteristic detecting unit for calculating the center posi 
tion and radius of the illuminant image as shape parameters 
thereof based on the estimating result of the boundary 
estimating unit 66. The characteristic value calculating unit 
63 comprises a weight information computing unit 64 for 
obtaining weight for the datum of each pixel in a texture 
analysis window and a weighted characteristic value calcu 
lating unit 65 for calculating a texture characteristic's value 
of the image in the texture analysis window based on weight 
information and the datum of each pixel. 
0153. The shape of light source image computation data 
Store area 81 comprises an image data Store area 82, a weight 
information Store area 83, a texture characteristic value Store 
area 84, an estimated boundary position Store area 85, and a 
characteristic detecting result Store area 86, which are simi 
lar to those of the wafer shape computation data Store area 
71. 

0154) It is noted that in FIGS. 4 to 6 a solid arrow 
indicates a data flow and a dashed arrow indicates a control 
flow. The operation of the various units of the main control 
system 20 will be described later. 
O155 Incidentally, while, in this embodiment, the main 
controller 50 comprises the various units as described above, 
the main control System 20 may be a computer System where 
the functions of the various units of the main controller 50 
are implemented as program modules installed therein. 

0156 Furthermore, when the main control system 20 is a 
computer System, all program modules for accomplishing 
the functions, described later, of the various units of the main 
controller 50 need not be installed in advance therein. For 
example, the main control System 20 may be connected with 
a reader (not shown) to which a storage medium (not shown) 
is attachable and which can read program modules from the 
Storage medium Storing the program modules, and reads 

Mar. 4, 2004 

program modules necessary to accomplish functions from 
the Storage medium loaded into the reader and executes the 
program modules. 
O157. Further, the main control system 20 may be con 
Structed So as to read program modules from the Storage 
media loaded into the reader and install them therein. Yet 
further, the main control System 20 may be constructed So as 
to install program modules Sent through a communication 
network Such as the Internet and necessary to accomplish 
functions therein. 

0158 Incidentally, as the storage medium, a magnetic 
medium (magnetic disk, magnetic tape, etc.), an electric 
medium (PROM, RAM with battery backup, EEPROM, 
etc.), a photo-magnetic medium (photo-magnetic disk, etc.), 
an electromagnetic medium (digital audio tape (DAT), etc.) 
and the like can be used. 

0159 Constructing, as described above, the main control 
system 20 and the stage control system 19 to be able to 
install program modules necessary to accomplish functions 
from Storage media or through a communication network 
therein makes it easy to, later, change the program modules 
or replace them with a new version for improving capability. 
0160 The exposure operation of the exposure apparatus 
100 of this invention will be described below with reference 
to a flow chart of FIG. 7 and other figures as needed. 
0161 First, in subroutine 101 of FIG. 7, illumination O 
is measured in detecting illumination characteristic infor 
mation of the illumination system 10, which O is defined as 
the ratio (Ds/DP) of the diameter Ds of the illuminant image 
(in this embodiment, the Secondary light Source by the 
fly-eye lens) on the entrance pupil plane of the projection 
optical System PL to an effective diameter DP of the entrance 
pupil that is the diameter of the aperture of the aperture Stop 
42 and known. The positions of the entrance pupil plane of 
the projection optical System PL and the light receiving face 
of the two-dimensional pick-up device 32 conjugate thereto 
are known. Therefore, the projection ratio Bs of the illumi 
nant image on the light receiving face of the two-dimen 
Sional pick-up device 32 to the illuminant image on the 
entrance pupil plane of the projection optical System PL is 
also known. Thus the Subroutine 101 obtains the illumina 
tion a from the result of picking up the illuminant image on 
the light receiving face of the two-dimensional pick-up 
device 32. 

0162 That is, in the subroutine 101, first in step 111 as 
shown in FIG. 8, a reticle loader (not shown) loads onto the 
reticle stage RST a pinhole reticle PR (see FIG. 9) for 
measurement on which a pinhole pattern PHR is formed in 
the center and Shade is formed in the other part. The reason 
why the pinhole reticle PR is used is that in the subroutine 
101 the telecentric degree of the projection optical System 
PL is measured together with the illumination O. 
0163 Subsequently, in step 112 the main control system 
20, specifically the controller 59 (see FIG. 4), moves the 
reticle stage RST and thus the pinhole reticle PR via the 
Stage control System 19 and the reticle stage driving unit (not 
shown) Such that the pinhole pattern is located in the optical 
axis's position planned in design. 

0164. Next, in step 113 the main control system 20, 
specifically the controller 59, moves the wafer stage WST 
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and thus the light Source image pick-up unit 30 (illumination 
O Sensor) via the Stage control System 19 and the stage 
driving unit 21 such that the pinhole PH on the upper surface 
thereof is located in the optical axis's position planned in 
design. 

0.165. This completes the arrangement of various ele 
ments for the light Source image pick-up unit 30 picking up 
the illuminant image, which arrangement is shown Sche 
matically in FIG. 9. 

0166 Referring back to FIG. 8, in step 114 the illumi 
nation System 10 emits illumination light, and the two 
dimensional pick-up device 32 picks up the illuminant 
image formed on the light receiving face thereof. FIG. 10A 
shows an example of the picking-up result, where a illumi 
nant image area LSA and an outside illuminant area ELA are 
present in a pick-up field RVA. And in the illuminant image 
area LSA a beehive-like arrangement of bright spots SPA is 
present. Meanwhile the outside illuminant area ELA is an 
almost uniformly dark area. 
0167. It is remarked that in the light source image area 
LSA, brightness varies not like a step from the bright spots 
SPA to the dark area. For example, FIG. 10B shows how the 
illuminance I(X) varies along an axis SLX parallel to the 
X axis that is through the centers of spots as shown in FIG. 
10A. Brightness represented by the illuminance I(X) is 
highest at the centers of the Spots and decreaseS rapidly as 
X position goes away from the center. In the middle between 
the centers of Spots next to each other, the brightness Stands 
at the same level as in the outside illuminant area ELA. FIG. 
10C shows how the illuminance I(X) varies along an axis 
SLX parallel to the X axis and apart from the Spots as 
shown in FIG. 10A. In the light source image area LSA, 
while brightness represented by the illuminance I(X) varies 
according to the distance between X position and the centers 
of Spots, the amplitude of the variation is Small and the 
brightness Stands at almost the same level as in the outside 
illuminant area ELA. 

0168 As a result, if the center of a spot is close to the 
boundary between the illuminant image area LSA and the 
outside illuminant area ELA and noise is negligible, the 
boundary can be accurately estimated from the variation of 
the brightness according to position, which brightness is 
represented by data of pixels. Generally, however, it is 
difficult to accurately estimate the boundary from the varia 
tion of the brightness according to position. 

0169. The image data IMD3 obtained above is supplied 
to the main control System 20, where the image data 
collecting unit 62 receives and stores the image data IMD3 
in the image data Store area 82. 
0170 Referring back to FIG. 8, next a subroutine 115 
performs image processing by texture analysis on the image 
data IMD3. First in step 121A of the subroutine 115, the 
weight information computing unit 64 of the characteristic 
value calculating unit 63 determines the shape of a texture 
analysis window. Here, a circle having a diameter close to 
the pitch of the Spots planned in designed, which spots are 
in the light Source image area LSA, is used as a texture 
analysis area for which texture analysis is performed for the 
purpose of performing texture analysis with isotropic Sen 
Sitivity and no directivity. And a Square circumscribed about 
the circle is used as the texture analysis window. 
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0171 FIG. 12A shows examples of the texture analysis 
area TAA and the texture analysis window WIN, and the 
case where, when letting d indicate the dimension of pixels 
PX, the diameter Dr of the texture analysis area TAA is 5d. 
The description will be made below with reference to the 
texture analysis area TAA and the texture analysis window 
WIN in FG, 12A. 

0172 Subsequently, the weight information computing 
unit 64 calculates weight information related to each pixel in 
the texture analysis window WIN. First, the weight infor 
mation computing unit 64 divides the texture analysis win 
dow WIN into square areas SAA (j=1 through N (=25)) each 
corresponding to a pixel and Subsequently calculates how 
much of each Square area SAA is covered by the texture 
analysis area TAA and calculates the ratio p of the area 
covered by the texture analysis area TAA to the whole area 
of each Square area SAA, which ratio represents weight 
information related to a corresponding pixel. FIG. 12B 
shows weight information calculated, where a weight infor 
mation value is attached to each square area SAA corre 
sponding to a pixel. 

0173 Referring back to FIG. 11, in step 121B, the 
weighted characteristic value calculating unit 65 of the 
characteristic value calculating unit 63 calculates a texture 
characteristic's values in a specific area SPC (see FIG. 13A) 
in the outside illuminant area ELA, which SPC area is in one 
of the four corner of the light receiving face of the two 
dimensional pick-up device 32 and definitely in the outside 
illuminant area ELA. In this embodiment, the Specific area 
SPC is located in the position shown in FIG. 13A. 
0.174. In the calculation of a texture characteristic value, 
the weighted characteristic value calculating unit 65, first, 
reads image data, which is data from pixels in the light 
receiving face of the two-dimensional pick-up device 32, 
from the image data Store area 82 and reconstructs the image 
that was on the light receiving face, and, while moving the 
texture analysis window WIN pixel by pixel within the 
Specific area SPC of the reconstructed image, calculates, for 
each position thereof, variance of weighted data according to 
the weight information, which data are from pixels in the 
texture analysis window WIN, where the position of the 
texture analysis window WIN refers to the center of the 
texture analysis window WIN. 
0.175. Here, the variance of the weighted data of the 
pixels in the texture analysis window WIN is calculated in 
the following manner. 

(0176) Let (X, Y) and I(X, Y) (j=1 through N) indicate 
the position of the texture analysis window WIN and each 
pixel’s datum therein respectively. The weighted character 
istic value calculating unit 65 calculates the mean u(X, Y) of 
data of the pixels in the texture analysis window WIN given 
by the equation (1) 

p(X, Y)=(XI(X, Y))/N (1) 
(0177) where (XI(X,Y)) represents the sum of data of 
the pixels in the texture analysis window WIN. 
0.178 Subsequently, the weighted characteristic value 
calculating unit 65 calculates the variance V(X, Y) of the 
weighted data of the pixels in the texture analysis window 
WIN given by the equation (2) 
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0179 Because the texture analysis window WIN is 
moved within the specific area SPC, the texture analysis 
window WIN stays in the outside illuminant area ELA where 
the data of pixels are almost the same, and the mean u(X, Y) 
of data of the pixels in the texture analysis window WIN 
varies little according to the position of the texture analysis 
window WIN in the specific area SPC. Therefore, when 
letting u" indicate the mean u(X, Y) given by the equation 
(1) for the initial position of the texture analysis window 
WIN in the specific area SPC, using u' instead of the mean 
u(X, Y) in the equation (2) for all positions will reduce the 
total amount of calculation. 

0180 Next, the weighted characteristic value calculating 
unit 65 calculates the respective means over the Specific area 
SPC of the above-obtained mean and variance, as the texture 
characteristic's value, of data of the pixels in the texture 
analysis window WIN. 
0181 Let u and V indicate the respective means over 
the specific area SPC of the mean and variance of data of 
pixels in the texture analysis window WIN, where the value 
V represents the texture characteristic's value in the outside 
illuminant area ELA and is Small because it is dark in the 
specific area SPC. 
0182 Incidentally, when using u' instead of the mean 

Al(X, Y) in the equation (2) for all positions, u=u'. 
0183) Referring back to FIG. 11, next in step 122, the 
texture analysis window WIN is set at an initial position 
(X, Y), as shown in FIG. 13B, for calculating texture 
characteristic values for outside the specific area SPC. 
0184 Subsequently, in step 123 the weighted character 
istic value calculating unit 65 calculates variance V(X, 
Y.) of data of pixels in the texture analysis window WIN 
in the initial position (X, Y) given by the equation (3) 

V(Xws Yws)=(>{p;x(Iwi (Xws Yws)-lt)')/N (3) 
0185. The weighted characteristic value calculating unit 
65 stores the calculated variance VOX, Y), as the texture 
characteristic's value, in the texture characteristic value 
store area 84. 

0186 Next, the weight information computing unit 64, in 
Step 124, checks whether or not the texture analysis window 
WIN is in a final position (Xw, Yw) as shown in FIG. 
13B. At this stage because the texture analysis window WIN 
is in the initial position (X, Y), the answer is NO and the 
proceSS proceeds to Step 125. 

0187. In step 125 the weighted characteristic value cal 
culating unit 65 moves the texture analysis window WIN by 
the pitch of pixels to a next position, and the process 
proceeds to Step 123. 
0188 Until the answer in step 124 is YES, the weighted 
characteristic value calculating unit 65 repeats the StepS 123 
through 125, where for each position of the texture analysis 
window WIN, variance V(X, Y) is calculated and stored in 
the texture characteristic value store area 84. When the 
answer in step 124 is YES, the subroutine 115 ends and the 
proceSS proceeds to Step 116. 
0189 In step 116 the boundary estimating unit 66 reads 
from the texture characteristic value store area 84 the 
variances V(X, Y), as the texture characteristic's values, 
ones on the axis SLX in FIG. 10A of which form a 
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distribution V1(X) as shown in FIG. 14A and ones on the 
axis SLX in FIG. 10B of which form a distribution V(X) 
as shown in FIG. 14B. Both of the distributions V(X) and 
V(X) take on about V in the outside illuminant area ELA 
and values clearly greater than the value V, while these 
values vary, in the light Source image area LSA. On the 
boundary between the outside illuminant area ELA and the 
illuminant image area LSA the values of the distributions 
V (X) and V(X) vary sharply between the value V and 
values in the light Source image area LSA. Such variation of 
the value of the variance V(X, Y) occurs at any point on the 
boundary. 

0190. Using such characteristic of the variance V(X, Y) 
on the boundary between the outside illuminant area ELA 
and the light Source image area LSA, the boundary estimat 
ing unit 66 estimates the boundary, i.e. the outer edge of the 
illuminant image, to be at a position where the variance 
takes on a value V that is meaningfully greater than the 
value V and Smaller than the mean of the variance in the 
light Source image area LSA. Here, the value V may be the 
middle between the value V and the mean of the variance 
in the light Source image area LSA. 
0191) Estimating the boundary between the outside illu 
minant area ELA and the illuminant image area LSA in the 
above manner results in the boundary being a closed curve. 
It is noted that in this embodiment because the variances 
V(X,Y) where data of pixels in the texture analysis window 
WIN are weighted according to coverage by the circular area 
TAA are calculated, the accuracy in estimating the boundary 
is the same in any position on the boundary. 
0.192 The boundary estimating unit 66 estimates in the 
above manner the boundary between the outside illuminant 
area ELA and the illuminant image area LSA to be a closed 
curve and Stores position data of the estimated boundary in 
the estimated boundary position store area 85. 
0193 Referring back to FIG. 8, in step 117 the parameter 
calculating unit 67 reads the position data of the estimated 
boundary from the estimated boundary position store area 85 
and calculates the center position Os and radius Rs of the 
illuminant image area LSA based on the position data of the 
estimated boundary by use of a Statistical technique Such as 
the least-Squares method. The telecentric degree of the 
projection optical System PL is obtained from the center 
position Oscalculated, and the illumination O given by the 
equation (4) is calculated from the radius Rs using the pupil 
plane diameter DP and the projection ratio Bs of the illumi 
nant image, 

0194 The parameter calculating unit 67 stores the tele 
centric degree and the illumination a calculated in the 
characteristic detecting result Store area 86, and the control 
ler 59 reads the telecentric degree and the illumination O 
from the characteristic detecting result Store area 86 and 
checks whether or not these are in respective permissible 
ranges. If the answer is NO, the illumination system 10 or 
the projection optical System PL is adjusted, and the tele 
centric degree and the illumination a are measured again. In 
this way the Subroutine 101 ends, and the process returns to 
the main routine in FIG. 7. 

0.195. After the completion of the above-described mea 
Surement (and, if needed, adjustment) of the telecentric 
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degree and the illumination O of the projection optical 
system PL, the exposure apparatus 100 of this embodiment 
performs exposure operation. 

0196. In the exposure operation, first in step 102, the 
reticle loader (not shown) loads a reticle having a given 
pattern formed thereon onto the reticle stage RST, and the 
wafer loader (not shown) loads a wafer W onto the substrate 
table 18. 

0197) Next in step 103, the main control system 20, 
specifically the controller 59 (see FIG. 4), moves the 
substrate table 18 with the wafer W via the stage control 
System 19 and the wafer Stage driving unit 21 to a pickup 
position where the pre-alignment sensors 40A, 40B, 40C 
pick up the image and roughly positions it Such that the 
notch N of the wafer W is underneath the pre-alignment 
sensor 40A and the periphery of the wafer W is underneath 
the pre-alignment sensors 40B, 40C. 
0198 Subsequently, in step 104 the pre-alignment sen 
sors 40A, 40B, 40C pick up the image of the wafer W’s 
periphery. FIGS. 15A, 15B, and 15C show the examples of 
the picking-up results, that is, the wafer WS images in 
pick-up field VAA of the pre-alignment sensor 40A, in 
pick-up field VAB of the pre-alignment sensor 40B, and in 
pick-up field VAC of the pre-alignment sensor 40C respec 
tively. 

0199 As shown in FIGS. 15A through 15C, while the 
images of the wafer Ware uniformly dark, outside the wafer 
W there is a matrix arrangement of dark spot images that are 
arranged a distance L apart from each other. The dark Spot 
images are the images of patterns formed beforehand on the 
substrate table 18 that form a pattern. The pattern is not 
limited to the one shown in FIGS. 15A through 15C, and 
any pattern can be used for which the value of the texture 
characteristic (e.g. variance) is constant. That is, the pattern 
may be plain. Here, it is assumed that the brightness of the 
image of the wafer W is almost the same as that of the dark 
Spot images outside the wafer W. Therefore, the Outer edge 
of the wafer WS image cannot be accurately estimated 
based only on the distribution of the brightness. Data of the 
wafer W’s images is supplied as image data IMD1 to the 
main control system 20. The image data collecting unit 52 of 
the main control System 20 receives and Stores the image 
data IMD1 in the image data store area 72. 
0200 Referring back to FIG. 7, next in subroutine 105 
the center position Qw and radius Rwas shape parameters of 
the wafer W are measured. First in step 131 of Subroutine 
105 as shown in FIG. 16, the same texture analysis as in the 
above subroutine 115 is performed except that for each 
position of the texture analysis window WIN the mean of 
data of pixels therein is used in the calculation of variance 
V(X, Y). 
0201 That is, in step 131 the weight information com 
puting unit 54 of the characteristic value calculating unit 53 
determines the shapes of the texture analysis area and the 
texture analysis window, which are the same as in FIG. 12A 
in the below description. 

0202 Next, the weight information computing unit 54 
obtains weight information as shown in FIG. 12B in the 
Same way as in Subroutine 115, and the weighted charac 
teristic value calculating unit 55, first, reads the image data 
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of the wafer W from the image data store area 72 and 
reconstructs the image picked up. 
0203) Next, the weighted characteristic value calculating 
unit 55, while moving the texture analysis window WIN 
pixel by pixel within the specific area SPC of the recon 
Structed image, calculates, for each position (X, Y) thereof, 
variance V(X,Y) as the texture characteristic's value of data 
I(X, Y) from pixels in the texture analysis window WIN. 
In the calculation of the variance V(X,Y), first the weighted 
characteristic value calculating unit 55 calculates the mean 
u(X, Y) of data of the pixels in the texture analysis window 
WIN given by the equation (5) 

ACX, Y)=(XI(X, Y))/N (5) 
0204 And the variance V(X, Y) of the data of the pixels 
in the texture analysis window WIN is calculated that is 
given by the equation (6) 

0205 Subsequently, the weighted characteristic value 
calculating unit 55 stores the variances V(X,Y) for from the 
initial position through the final position of the texture 
analysis window WIN in the texture characteristic value 
store area 74. This ends the process in step 131. 
0206 Next, in step 132 the boundary estimating unit 56 
reads the variances V(X, Y) as the texture characteristic's 
values from the texture characteristic value Store area 74. 
When moving the texture analysis window WIN, for 
example, along an axis SLX parallel to the X axis as shown 
in FIGS. 17A through 17C, the value of the variance V(X, 
Y), as a function of X and Y, varies in the following way. 
When the texture analysis window WIN is present in an 
outside wafer image area EAR as shown in FIG. 17A, 
because the outside wafer image area EAR is almost uni 
formly bright, the variance V(X,Y) takes on a small value, 
and, when the texture analysis window WIN is present on 
the boundary between the outside wafer image area EAR 
and an inside wafer image area WAR as shown in FIG. 17B, 
because data of Some pixels are large in value and others 
data are Small, the variance V(X,Y) takes on a large value, 
and, when the texture analysis window WIN is present in the 
inside wafer image area WAR as shown in FIG. 17C, 
because the outside wafer image area EAR is almost uni 
formly dark, the variance V(X,Y) takes on a small value. 
0207 FIG. 1A shows a graph representing the variation 
of the variance V(X, Y) shown in FIGS. 17A through 17C. 
In FIG. 18A, when the texture analysis window WIN is 
present around the boundary between the outside wafer 
image area EAR and the inside wafer image area WAR, the 
variance V(X, Y) takes on a larger value than when the 
texture analysis window WIN is in the outside wafer image 
area EAR or the inside wafer image area WAR, and when the 
texture analysis window WIN is present just on the boundary 
between the outside wafer image area EAR and the inside 
wafer image area WAR, the variance V(X, Y) takes on a 
local maximum. Such characteristic of the variation is the 
case with any position on the boundary. FIG. 18B shows the 
two-dimensional variation of the variance V(X, Y). 
0208. The boundary estimating unit 56 estimates the 
boundary between the outside wafer image area EAR and 
the inside wafer image area WAR to be in position where the 
variance V(X, Y) takes on a local maximum in light of the 
characteristic of the variance V(X, Y)'s variation. 
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0209 Estimation of the boundary between the outside 
wafer image area EAR and the inside wafer image area 
WAR in the foregoing manner results in an estimated outer 
edge of the wafer indicated by a solid line in FIG. 18C with 
respect to the actual Outer edge of the wafer indicated by a 
two-dot-dashed line. The boundary estimating unit 56 stores 
the estimated boundary position data in the estimated bound 
ary position store area 75. It is noted that in this embodiment 
because the variances V(X, Y) where data of pixels in the 
texture analysis window WIN are weighted according to 
coverage by the circular area TAA are calculated, the accu 
racy in estimating the boundary is the same in any position 
on the boundary. 
0210 Referring back to FIG. 16, next in step 133 the 
parameter calculating unit 67 calculates the center position 
Qw and radius Rw of the inside wafer image area WAR 
based on the position data of the estimated boundary by use 
of a Statistical technique Such as the least-Squares method, 
and Stores the obtained center position Qw and radius Rw in 
characteristic detecting result Store area 76. 
0211 Subsequently, the controller 59 detects the notch 
N’s position of the wafer based on the image data of the 
wafer's periphery (specifically, image data from pick-up 
field VAA (see FIG. 15A)) stored in the wafer shape 
computation data Store area 71, So that the rotation angle of 
the wafer W about the Z axis is detected, and based on the 
detected rotation angle of the wafer W about the Z axis, as 
needed, rotates the water holder 25 via the Stage control 
system 19 and the wafer stage driving unit 21. 
0212. This ends the process in Subroutine 105, and the 
process returns to the main routine in FIG. 7. 
0213) Next in step 106, the controller 59 performs prepa 
ration Such as reticle alignment using a reference mark plate 
(not shown) provided on the substrate table 18 and mea 
Surement of base line amount of the alignment detection 
System AS. Further, when exposure for a Second or later 
layer is performed, in order to form a Sub-circuit pattern with 
good overlay accuracy with respect to an already formed 
Sub-pattern, the positional relation between a reference 
coordinate System for Specifying the movement of the wafer 
stage WST with the wafer W and an arrangement coordinate 
System for arrangement of circuit patterns, chip areas, on the 
wafer W is accurately measured by the alignment detection 
System AS based on the above-mentioned result of measur 
ing the wafer W’s shape. 
0214) Next, in step 107 exposure for the first layer is 
performed. In the exposure operation the substrate table 18 
with the wafer W is moved so that a first shot area on the 
wafer W is positioned at a Scan Start position for exposure. 
The main control system 20 controls such movement via the 
Stage control System 19 and the wafer Stage driving unit 21 
based on the above-mentioned result of measuring the wafer 
W’s shape read from the estimated boundary position store 
area 75, position information (or speed information) from 
the wafer interferometer 28, and the like, and, if it is the 
Second or later layer, the result of detecting the positional 
relation between the reference coordinate System and the 
arrangement coordinate System as well. At the same time the 
main control system 20 moves the reticle stage RST so that 
the reticle R is positioned at a Scan start position for reticles, 
via the Stage control System 19 and a reticle Stage driving 
unit (not shown). 
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0215) Next, the stage control system 19, according to 
instructions from the main control System 20, performs Scan 
exposure while adjusting the position of the wafer W Surface 
and moving relatively the reticle R and wafer W based on the 
Z position information of the wafer w from the multi focus 
position detection System, the X-Y position information of 
the reticle R from the reticle interferometer 16, and the X-Y 
position information of the wafer W from the wafer inter 
ferometer 28, via the reticle stage driving unit (not shown) 
and via the wafer Stage driving unit 21. After the completion 
of exposure of the first shot area, the substrate table 18 is 
moved So that a next shot area is positioned at the Scan Start 
position for exposure, and at the same time the reticle Stage 
RST is moved so that the reticle R is positioned at the scan 
Start position for reticles. The Scan exposure on the Shot area 
is performed in the same way as on the first shot area. After 
that, the Scan exposure is repeated until all shot areas have 
been exposed. 

0216) In step 108 an unloader (not shown) unloads the 
exposed wafer W from the Substrate table 18, by which the 
exposure of the wafer W is completed. 

0217. It is noted that in the case of the scan exposure for 
the first layer, the position of the wafer W is corrected based 
on the above-mentioned result of measuring the wafer W’s 
shape, So that the deviation and rotation 0 of the arrangement 
coordinate System from its position and to its origin planned 
in design becomes almost Zero, but that, when the deviation 
of the center position Qw and the rotation 0 are Small, the 
correction of the position based on the above-mentioned 
result of measuring the wafer W’s shape may be omitted. 
Moreover, in the case of the Scan exposure for the Second or 
later layer, in Synchronous movement of the reticle Stage 
RST and the wafer stage WST the above-mentioned result of 
measuring the wafer WS shape is not needed while, in fine 
alignment before the Scan exposure, it is used to move the 
wafer stage WST. 

0218. Further, before the scan exposure for the first layer 
and before fine alignment for the Second or later layer, the 
wafer holder 25 with the wafer W may be rotated based on 
the above-mentioned result of measuring the wafer W’s 
shape, in which case, upon the Scan exposure for the first 
layer and upon fine alignment for the Second or later layer, 
the above-mentioned result, i.e. the rotation 0, is not needed. 
Alternatively by, initially, finely adjusting the position of the 
wafer W on the wafer holder 25 based on the center position 
Qw as well as the rotation 0, the necessity to use the center 
position Qw in later operation can be eliminated. 

0219. As described above, according to this embodiment 
because the boundary between the illuminant image area 
LSA and the outside illuminant area ELA, which each have 
a intrinsic pattern and which boundary cannot be estimated 
to be a curve only from brightness distribution in image data, 
is estimated by texture analysis, it can be estimated to be a 
curve very close to the actual boundary. Therefore, the 
telecentric degree and the illumination O of the projection 
optical System PL can be accurately measured. 

0220 Because the boundary between the inside wafer 
image area WAR and the outside wafer image area EAR, 
which each have a intrinsic pattern and which boundary 
cannot be estimated to be a curve only from brightness 
distribution in image data, is estimated by texture analysis, 
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it can be estimated to be a curve very close to the actual 
boundary. Therefore, the position of the wafer W can be 
accurately detected. 
0221) In this embodiment the calculation of the texture 
characteristic value for the image in the Square texture 
analysis window WIN, circumscribed about the circular 
texture analysis area TAA, is performed where datum from 
each pixel in the texture analysis window WIN is weighted 
according to the ratio of the area covered by the texture 
analysis area TAA to the whole area of a corresponding one 
of square areas SAA that the texture analysis window WIN 
is divided into. As a result, the texture characteristic value, 
i.e., the variance V(X,Y) is calculated where the weights are 
the same for pixels whose distances from the center of the 
texture analysis window WIN are the same. The obtained 
texture characteristic value V(X,Y) has isotropic sensitivity 
and no directivity. Therefore, performing texture analysis on 
the texture characteristic value V(X, Y) results in texture 
analysis with isotropic Sensitivity. Thus the shape of the 
illuminant image on the pupil plane of the projection optical 
system PL and the wafer W can be accurately obtained with 
high tolerance to noise, So that the illumination O of the 
projection optical system PL and the position of the wafer W 
can be accurately detected. 
0222. According to the exposure apparatus of this 
embodiment, based on the result of Very accurately measur 
ing the illumination a of the projection optical System PL 
and the position of the wafer W by use of the above detection 
method, a pattern is transferred onto shot areas. Therefore, 
the pattern can be accurately transferred onto shot areas. 
0223) Although, in texture analysis of the above embodi 
ment for measuring the illumination O, the variances are 
calculated using the mean u of data of pixels in the texture 
analysis window WIN when it is in the outside illuminant 
area ELA, the variances, as texture characteristic values, 
may be calculated in the Same way as in texture analysis for 
measuring the wafer WS shape. 
0224. While in texture analysis for measuring the wafer 
W’s shape, the variance of data of pixels in the texture 
analysis window WIN is calculated as a texture character 
istic value, the variance may, in the same way as in texture 
analysis for the illumination O, be calculated as a texture 
characteristic value with Substituting the mean of data of 
pixels in the texture analysis window WIN when it is 
anywhere in the inside wafer image area WAR or the outside 
wafer image area EAR into the equation (6). 
0225. While in the above embodiment upon texture 
analysis for measuring the wafer WS shape, the size of the 
texture analysis window WIN is determined from the known 
period of the intrinsic pattern in the outside wafer image area 
EAR, if the intrinsic pattern is unknown, by moving texture 
analysis windows having different sizes within a specific 
area that is Supposed to be in the outside wafer image area 
EAR and calculating texture characteristic values, a window 
for which texture characteristic values are almost the same 
may be found to use it for texture analysis. 
0226 Further, if the intrinsic pattern in the outside wafer 
image area EAR is unknown, by examining the variation of 
the texture characteristic's value as a function of position, 
while moving a texture analysis window WIN within the 
Specific area, and identifying an image area having different 
variation from it, the boundary may be estimated. 
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0227. If a given regular circuit pattern or plain one has 
been formed on the wafer W, by moving texture analysis 
windows having different sizes in the inside wafer image 
area WAR and calculating texture characteristic values, a 
window for which texture characteristic values are almost 
the same may be found to use it for texture analysis. 
0228 Incidentally, the size of the texture analysis win 
dow WIN only has to be large enough to reflect the char 
acteristic of the intrinsic pattern and Smaller than that of the 
wafer image or the illuminant image. 
0229. Further, while in this embodiment the texture char 
acteristic value is the variance of data of pixels in the texture 
analysis window WIN, the mean of the data of pixels in the 
texture analysis window WIN may be used as the texture 
characteristic value. 

0230 While in this embodiment, the texture analysis 
window WIN is a square having a dimension of five times 
that of a pixel, it may have a dimension according to the 
pattern of an image to be analyzed. 

0231. Further, while in this embodiment the texture char 
acteristic value is the variance of data of pixels in the texture 
analysis window WIN, the mean of the data of pixels in the 
texture analysis window WIN may be used as the texture 
characteristic value, in which case, in the calculation of the 
mean, datum of each pixel is weighted. 
0232 While intrinsic weight information used as the 
weight information in this embodiment refers to the ratio of 
the area covered by the texture analysis area TAA to the 
whole area of a corresponding one of Square areas SAA that 
the texture analysis window WIN, circumscribed about the 
circular texture analysis area TAA, is divided into, weight 
information WTOX, Y) may be used that is represented by, 
e.g., a rotationally Symmetric Surface whose Summit is in the 
center of the texture analysis area TAA, shown in FIG. 19. 
0233 Moreover, while in this embodiment the measuring 
method of this invention is applied to measurement of the 
illumination O and measurement of the wafer W’s shape, it 
can be applied to measurement along with extraction of an 
outline from an image. 
0234 Moreover, while in this embodiment the shape of 
an object whose image is to be measured is a circle, it may 
be an ellipse, Square, etc. 

0235) <<A Second Embodiment>> 
0236 Next, the exposure apparatus of a second embodi 
ment will be described. This embodiment differs from the 
exposure apparatus of the first embodiment in the construc 
tion of the pre-alignment detection System and the construc 
tion and operation of the wafer shape computing unit 51. The 
description in the below will focus mainly on the differ 
ences. The Same numerals or Symbols as in the first embodi 
ment indicate elements which are the same as or equivalent 
to those in the first embodiment, and no description thereof 
will be provided. 

0237) The pre-alignment detection system RAS of this 
embodiment comprises three pre-alignment Sensors 40A, 
40B, 40C which are, as shown in FIG. 20, arranged such 
that the sensor 40A is located above the notch N of a wafer 
W, and the sensors 40B, 40C are angular distances of -45 
and +45 degrees respectively apart from the Sensor 40A 
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along the water WS outer edge, which notch is directed in 
the +Y direction. It is remarked that the CCD camera 40A is, 
as in the first embodiment, located in a position where it can 
pick up the image of the notch N of the wafer Wheld on the 
wafer holder 25. 

0238. The wafer shape computing unit 51 of this embodi 
ment, as shown in FIG. 21, comprises (a) an image data 
collecting unit 151 for collecting image data IMD1 from the 
pre-alignment detection System RAS, (b) a threshold value 
calculating unit 152 for calculating a threshold value for 
discriminating between the wafer image area and the back 
ground area based on data collected by the image data 
collecting unit 151, (c) a edge position estimating unit 153 
for estimating the outer edge of the wafer W to obtain 
position information thereof based on the data collected by 
the image data collecting unit 151 and the threshold value 
calculated by the threshold value calculating unit 152, (d) a 
wafer position information estimating unit 154 for estimat 
ing the center position and rotation of the wafer W based on 
the estimating result of the edge position estimating unit 
153. 

0239). A wafer shape computation data store area 71 of 
this embodiment comprises an image data Store area 161, a 
threshold value Store area 162, an Outer edge position Store 
area 163, and a wafer position information store area 164. It 
is noted that in FIG. 21 a Solid arrow indicates a data flow 
and a dashed arrow indicates a control flow. The operation 
of the various units of the main control system 20 will be 
described later. 

0240 While, in this embodiment, the wafer shape com 
puting unit 51 comprises the various units as described 
above, the main control System 20 may be a computer 
system where the functions of the various units of the wafer 
shape computing unit 51 are implemented as program mod 
ules installed therein, as in the first embodiment. 
0241 The exposure operation of the exposure apparatus 
100 of this embodiment will be described in the following, 
which operation differs from that of the first embodiment 
only in the process of the subroutine 105 in FIG. 7, i.e., the 
proceSS for calculating the center position, radius, etc., of the 
wafer W. 

0242. The exposure apparatus 100 of this embodiment 
measures the illumination a in Subroutine 101 of FIG. 7, 
and, in steps 102 through 104, a reticle and a wafer W are 
loaded onto the reticle stage RST and the substrate table 18 
respectively, and after the wafer W is moved to a pick-up 
position, the pre-alignment sensors 40A, 40B, 40C pick up 
the images of the wafer W’s periphery, of which examples 
are shown in FIGS. 22A through 22C. 
0243 FIG. 22A shows the wafer W’s image in pick-up 
field VAA of the pre-alignment sensor 40A, where there are 
two areas, wafer image area WAA and background area 
BAA, in pick-up field VAA. In this embodiment it is 
assumed that brightness in pixels of the wafer image area 
WAA is lower than that of the background area BAA, which 
is almost uniform. 

0244 FIG. 22B shows the wafer W’s image in pick-up 
field VAB of the pre-alignment sensor 40B, where there are 
two areas, wafer image area WAB and background area 
BAB, in pick-up field VAB. In this embodiment it is 
assumed that, as in pick-up field VAA, brightness in pixels 
of the wafer image area WAB is lower than that of the 
background area BAB, which is almost uniform. 
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0245 FIG. 22C shows the wafer W’s image in pick-up 
field VAC of the pre-alignment sensor 40C, where there are 
two areas, wafer image area WAC and background area 
BAC, in pick-up field VAC. In this embodiment it is 
assumed that, as in pick-up field VAA, brightness in pixels 
of the wafer image area WAC is lower than that of the 
background area BAC, which is almost uniform. 
0246 Data of the wafer W’s images is supplied as image 
data IMD1 to the main control system 20. The image data 
collecting unit 151 of the main control system 20 receives 
and Stores the image data IMD1 in the image data Store area 
161. 

0247 Referring back to FIG. 7, next in subroutine 105 
the shape parameters of the wafer W are measured based on 
the images of the wafer WS periphery Stored in the image 
data Store area 161 to calculate the center position and 
rotation about the Z axis of the wafer W. 

0248 First in step 171 of subroutine 105 in FIG. 23, the 
threshold value calculating unit 152 reads the image data of 
a first pick-up field, herein pick-up field VAA, from the 
image data Store area 161. 

0249 Next in subroutine 172 the threshold value calcu 
lating unit 152 calculates a threshold value (hereinafter 
called “threshold JTA) for discriminating between the 
wafer image area WAA and the background area WBB in the 
image data of pick-up field VAA by use of a least-entropy 
method. 

0250 Here, as shown in FIG. 24, first in step 181, the 
threshold value calculating unit 152 obtains frequency dis 
tribution of brightness in pixels in the image data of pick-up 
field VAA. FIG. 25A shows an example of frequency 
distribution or histogram HA(L), where L denotes bright 
neSS. Let LMIN, LMAX, and NT denote the minimum, the 
maximum, and the total frequency, i.e. the number of pixels, 
of the frequency distribution HA(L) respectively. 
0251 Next, in step 182 while changing division bright 
neSS LL from LMN through (LMAx-1) by units, herein 
unit=1, the threshold value calculating unit 152 calculates 
randomness SA1(LL), given by the equation (7), in part 
HA1(LL) of the frequency distribution HA(L) whose bright 
neSS is not higher than division brightness LL, the total 
frequency of the part being denoted by N1, 

0252 where Ln(X) and O1 (LL) denote natural logarithm 
of X and variance of brightness in HA1(LL) respectively. 
0253). Further, the threshold value calculating unit 152 
calculates randomness SA2(LL), given by the equation (8), 
in part HA2(LL) of the frequency distribution HA(L) whose 
brightness is higher than division brightness LL, the total 
frequency of the part being denoted by N2(=NT-N1), 

0254 where O2(LL) denotes variance of brightness in 
HA2(LL). 
0255 And the threshold value calculating unit 152 cal 
culates total randomness SA(LL) for division brightness LL 
given by the equation (9) 
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0256 FIG.25B shows how the total randomness SA(LL) 
the varies according to division brightness LL. 

0257 Next, in step 183 the threshold value calculating 
unit 152 obtains threshold value JTA, which is the brightness 
where the total randomness SA(LL) is minimal, from the 
variation of the total randomness SA(LL) according to 
division brightness LL. 

0258. The threshold value calculating unit 152 stores the 
obtained threshold value JTA in the threshold value store 
area 162. The calculation of the threshold value JTA in 
pick-up field VAA ends, and the proceSS proceeds to Sub 
routine 173 in FIG. 23. 

0259. In Subroutine 173 the edge position estimating unit 
153 calculates an estimated position of the outer edge of the 
wafer W in pick-up field VAA. 
0260 Next, the principle of estimating a position of the 
outer edge of a wafer W will be briefly described. 
0261. As a premise, it is assumed that the boundary 
between object area SAR and background area BAR in 
pick-up field VA, i.e. the Outer edge of the object in pick-up 
field VA, is a line (X=X) parallel to the Y axis as shown in 
FIG. 26A, and that around the outer edge of the object the 
brightness in pixels in object area SAR Stands uniformly at 
Js except for pixels on the outer edge while the brightness in 
pixels in background area BAR Stands uniformly at JB 
except for pixels on the outer edge. 

0262 Consider pixel PX1 on the outer edge and pixel 
PX2 adjacent thereto in the +X direction. Let X and X 
indicate the center positions in the X direction of pixels PX1 
and PX2 respectively, the pixels PX1 and PX2 each being a 
square having a dimension of 2xPW. 

0263. When the X position X of the outer edge varies 
from the edge in the -X direction (X=X-PW) of pixel PX1 
through the edge in the +X direction (X=X+PW) thereof, 
brightness J1(X) of pixel PX1 that is a function of the X 
position X of the outer edge is given by the equation (10) 

0264. Meanwhile, brightness J2(X) of pixel PX2 does 
not vary and is given by the equation (11) 

0265 Next, when the X position X of the outer edge 
varies from the edge in the +X direction (X=X+PW) of 
pixel PX1, i.e. the edge in the -X direction (X=X--PW) of 
pixel PX2, through the edge in the +X direction (X=X+PW) 
of pixel PX2, brightness J1(X) of pixel PX1 does not vary 
and is given by the equation (12) 

0266 Meanwhile, brightness J2(X) of pixel PX2 that is 
a function of the X position X of the outer edge is given by 
the equation (13) 

0267 FIG.27A shows how brightness J1(X) and J2(X) 
given by the equations (10) through (13) vary when the X 
position X of the outer edge varies from the edge in the -X 
direction (X=X-PW) of pixel PX1 through the edge in the 
+X direction (X=X+PW) of pixel PX2. 
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0268 Next, consider how to check whether a pixel in 
pick-up field VA is in object area SAR or in background area 
BAR. The brightness differs between a pixel in object area 
SAR and a pixel in background area BAR. Therefore, it is 
Simple and reasonable to determine, by testing whether or 
not brightness in the pixel is larger than a threshold value Jr., 
whether a pixel in pick-up field VA is in object area SAR or 
in background area BAR. The threshold value Jr. is prefer 
ably a value Statistically appropriate in discriminating the 
object area SAR and the background area BAR. The least 
entropy method above-mentioned provides the threshold 
value Statistically appropriate in discriminating the object 
area SAR and the background area BAR. 
0269. When it is determined that pixel PX1 is in the 
object area SAR and pixel PX2 is in the background area 
BAR, the X position X of the outer edge is given by the 
equation (14) with brightness J and J of the pixels PX1, 
PX2 as a picking-up result and the threshold value Jr being 
known, 

0270. The obtained X position X of the outer edge, as 
shown in FIG. 27B, is given as the X position of a point on 
a line joining coordinates (X, J.) and (X, J) where 
brightness=Jin the coordinate System whose X axis and Y 
axis denote X position and brightness respectively. That is, 
the X position X of the outer edge given by the equation 
(14) is the X position of a point which divides internally a 
line Segment joining the center positions X, X in the X 
direction of pixels PX1 and PX2 in proportion to the 
absolute value of the difference (J-J) between the thresh 
old value Jr. and brightness J of the pixels PX1, and the 
absolute value of the difference (J-J) between the thresh 
old value Jr. and brightness J of the pixels PX2. 
0271 While in the above, the case of estimating the X 
position of the Outer edge with an accuracy of Sub-pixel 
when the outer edge of the object is parallel to the Y axis was 
described, the Y position of the outer edge can be estimated 
likewise with an accuracy of Sub-pixel when the outer edge 
of the object is parallel to the X axis. Further, when the outer 
edge of the object is oblique to the X and Y axes, by applying 
the above-mentioned technique to each of the X and Y 
directions the two-dimensional position of the outer edge of 
the object can be estimated with an accuracy of Sub-pixel. 
0272 That is, by Substituting into the equation (14) the 
threshold value appropriate in discriminating the object area 
SAR and the background area BAR and the brightness in 
pixels in the object area SAR and the background area BAR, 
obtained from the picking-up result, the position of the outer 
edge of the object can be estimated with an accuracy of 
Sub-pixel. 

0273) In subroutine 173 of FIG. 23, the position of the 
outer edge of a wafer W in pick-up field VAA is estimated. 
on the basis of the above principle. Note that the threshold 
value JTA in pick-up field VAA corresponding to the above 
mentioned threshold value Jr. is already calculated in Sub 
routine 172. 

0274) In subroutine 173, as shown in FIG.28, first in step 
191 the edge position estimating unit 153 reads image data 
in pick-up field VAA and the threshold value JTA from the 
image data Store area 161 and the threshold value Store area 
162 and extracts the brightness of a first pixel. The picking 
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up result in pick-up field VAA is, as shown in FIG. 29, 
represented by a group of brightness JA(m, n) in pixels 
PXA(m, n) (m-1 through M; n-1 through N) arranged in a 
matrix with columns extending in the X direction and rows 
extending in the Y direction, the first pixel being PXA(1,1). 
The reason why PXA(1,1) is selected as the first pixel is that 
the wafer image area WAA is located on the -Y direction 
side of pick-up field VAA and the background area WBB on 
the +Y direction side of pick-up field VAA (see FIG.22A) 
and that PXA(1, 1) being on the corner in the -X and -Y 
directions is almost definitely in the wafer image area WAA. 
It is remarked that pixel PXA(m, n) is a Square having a 
dimension PA and whose center position is denoted by (XA, 
YA). 
0275 Referring back to FIG. 28, Subsequently in step 
192, the edge position estimating unit 153 checks, by testing 
whether or not the brightness JA(m, n) of a pixel PXA(m, n) 
currently being processed (here, PXA(1, 1)) is below the 
threshold value JTA, whether or not the current pixel is 
located in the wafer image area WAA. If the answer is NO, 
it is determined that the outer edge of the wafer image area 
WAA is not present on the +Y direction side of the current 
pixel, and the process proceeds to step 197. Meanwhile, if 
the answer is YES, the process proceeds to step 193. 

0276. In the following the case where the answer in step 
192 is YES and the process has proceeded to step 193 will 
be described. 
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PXA(1, n), which has no pixel on its -X direction side, the 
brightness of only the pixel on its +X direction side is 
checked, and in the case of pixel PXA(M, n), which has no 
pixel on its +X direction side, only the brightness JA(M-1, 
n) of the pixel PXA(M-1, n) is checked in step 195. If the 
answer in step 195 is NO, the process proceeds to step 197. 

0281 Meanwhile, if the answer in step 195 is YES, the 
process proceeds to Step 196, where the edge position 
estimating unit 153 calculates an estimated X position 
EXA, on the basis of the above principle. 
0282) That is, if only for the brightness JA(m+1, n) in the 
pixel PXA(m+1, n) the answer in step 195 is YES, the edge 
position estimating unit 153 calculates an estimated X 
position EXA, given by the equation (16) 

EXA =(JTA-JA(m, n))xXA+(JA(m+1, n)-JTA)x 
XA/(JA(m+1, n)-JA (m, n)) (16) 

0283 And if only for the brightness JA(m-1, n) in the 
pixel PXA(m-1, n) the answer in step 195 is YES, the edge 
position estimating unit 153 calculates an estimated X 
position EXA, given by the equation (17) 

EXA =(JT-JA ((m, n))xXA+(JA(n-1, n)-JTA)x 
XAV(JA(m-1, n) JA(m, n)) (17) 

0284 And if both for the brightness JA(m+1, n), JA(m-1, 
n) the answer in step 195 is YES, the edge position esti 
mating unit 153 calculates an estimated X position EXA, 
in given by the equation (18) 

EXA = {(JTA - JA(m, n)) x XA + (JA(n + 1), n) - JTA)x XAlf (JA(m + 1), n) - (18) 

0277. In step 193, the edge position estimating unit 153 
checks, by testing whether or not the brightness JA(m, n+1) 
in a pixel FXA(m, n+1) next in the +Y direction to the pixel 
PXA(m, n) is equal to or higher than the threshold value 
JTA, whether or not the pixel next to the pixel PXA(m, n), 
which is in the wafer image area WAA, is located in the 
background area BAA. If the answer is NO, the process 
proceeds to step 195. 
0278 Meanwhile, if the answer in step 193 is YES, the 
process proceeds to step 194. In step 194 the edge position 
estimating unit 153, on the basis of the above principle, 
calculates estimated Yposition EYA, given by the equa 
tion (15) 

0279 And the process proceeds to step 195. 
0280. In step 195, the edge position estimating unit 153 
checks, by testing whether or not the brightness JA(m+1, n) 
in a pixel PXA(m+1, n) next in the +X direction to the pixel 
PXA(m, n) and the brightness JA(m-1, n) in a pixel 
PXA(m-1, n) next in the -X direction to the pixel PXA(m, 
n) are equal to or higher than the threshold value JTA, 
whether or not the pixels next to the pixel PXA(m, n), which 
is in the wafer image area WAA, are located in the back 
ground area BAA. Incidentally, in the case of a pixel like 

JA (m, n)) + (JTA - JA (m, n)) XXA + 

(JA(n - 1, n) - JTA) XXA f(JA(n - 1, n) - JA (m, n))}f 2. 

0285 And the process proceeds to step 197. 
0286. In step 197, the edge position estimating unit 153 
Stores the estimated position data in the Outer edge position 
store area 163, which is, it only the estimated Y position 
EYA is calculated, (XA, EYA, ) or, it only the esti 
mated X position EXA, is calculated, (EXA, i, YA) or, 
if both the estimated X position EXA, and Y position 
EYA, are calculated, (EXA, EYA). It is noted that 
the estimated position of the outer edge of the wafer image 
area WAA in pick-up field VAA is generically denoted by 
estimated edge position PA(XA, YA) (see FIG.22A). 
0287 Subsequently, in step 197 it is checked whether or 
not the detection of the Outer edge position is completed for 
all pixels in pick-up field VAA, and if the answer is YES, the 
process in the subroutine 173 ends, otherwise the process 
proceeds to step 198. 

0288. In the following the case where the answer in step 
197 is NO and the process has proceeded to step 198 will be 
described. 

0289. In step 198 the edge position estimating unit 153 
Selects a next pixel in the following way. 

0290 When the pixel with which the detection of the 
outer edge position in step 192 through 197 is performed 
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most recently is PXA(p, N) (p=1 through (M-1)) and the 
answer in Step 192 is NO, the edge position estimating unit 
153 selects PXA(p+1, 1) as a next pixel, and also when the 
pixel with which the detection of the Outer edge position in 
step 193 through 197 is performed most recently is PXA(p, 
N-1), selects PXA(p+1, 1) as a next pixel. 
0291 Meanwhile, when the pixel with which the detec 
tion of the outer edge position in step 193 through 197 is 
performed most recently is PXA(m, q) (qz(N-1)) the edge 
position estimating unit 153 selects PXA(m, q+1) as a next 
pixel. 
0292. After the selection of a next pixel, the process 
proceeds to step 192. 
0293. The process in step 192 through 198 is performed 
with the next pixel to calculate an estimated edge position 
PA(XA, YA) of the wafer image area WAA in pick-up field 
VAA, and if the answer in step 197 is YES, the process of 
the Subroutine 173 ends and the process proceeds to step 174 
in FIG. 23. 

0294. In step 174 the edge position estimating unit 153 
checks whether or not for all pick-up fields VAA, VAB, 
VAC, estimated edge positions are obtained. At this stage 
because only for pick-up field VAA estimated edge positions 
are obtained, the answer is NO and the proceSS proceeds to 
step 175. 
0295). In step 175, the threshold value calculating unit 
152 reads image data in a next pick-up field, i.e. pick-up field 
VAB, from the image data store area 161, and the process 
proceeds to Subroutine 172. Subsequently, the Subroutines 
172 and 173 are executed, as with image data in pick-up field 
VAA, to calculate estimated edge positions PBOXB, YB) 
(see FIG. 22B) of the wafer image area WAB in pick-up 
field VAB and store them in the outer edge position store 
area 163. 

0296) Next in step 174, the edge position estimating unit 
153 checks whether or not for all pick-up fields VAA, VAB, 
VAC, estimated edge positions are obtained. At this stage 
because only for pick-up fields VAA, VAB estimated edge 
positions are obtained, the answer is NO and the proceSS 
proceeds to step 175. 
0297. In step 175, the threshold value calculating unit 
152 reads image data in a next pick-up field, i.e. pickup field 
VAC, from the image data Store area 161. AS with image data 
in pick-up field VAB, estimated edge positions PC(XC, 
YC) (see FIG. 22C) of the wafer image area WAC in 
pick-up field VAC are calculated and Stored in the outer edge 
position store area 163. 
0298) When for all pick-up fields VAA, VAB, VAC, 
estimated edge positions with an accuracy of Sub-pixel are 
obtained, the answer in step 174 is YES and the process 
proceeds to step 176. 
0299. In step 176, the wafer position information esti 
mating unit 154 reads the estimated edge positions PA(XA, 
YA), PB,(XB YB), PC(XC, YC) from the outer edge 
position Store area 163 and calculates the center position and 
rotation about the Z axis of the wafer W. That is, the wafer 
position information estimating unit 154 estimates the center 
position of the wafer W by obtaining a circle approximate to 
the wafer W based on the estimated edge positions PA(XA, 
YA), PB,(XB, YB), PC(XC, YC), which are three sets 
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of estimated edge positions of which each Set represents the 
arc of the wafer W, and estimates the position of the notch 
N based on a set of estimated edge positions out of the three 
Sets associated with the notch N, and then calculates the 
rotation about the Z axis of the wafer W based on the center 
position of the wafer W and the position of the notch N. 
0300. The wafer position information estimating unit 154 
Stores data that denotes the center position and rotation 
about the Z axis of the wafer W in the wafer position 
information Store area 164. This completes the process of 
subroutine 105, and the process proceeds to step 106 in FIG. 
7. 

0301 After measurement in step 106 for preparation for 
exposure in the same manner as in the first embodiment, 
Scan exposure is performed on each shot area in Step 107. 
And in step 108 after the wafer stage WST is moved to an 
unloading position, an unloader (not shown) unloads the 
wafer w from the substrate table 18. This completes expo 
Sure of the wafer W. 

0302 As described above, according to this embodiment 
because a position in a discrete distribution of brightness, the 
picking-up result, where brightness is estimated to be at a 
threshold value is taken as an estimated position of the outer 
edge of the wafer W, the position of the outer edge of the 
wafer W can be estimated with an accuracy of Sub-pixel. 
0303 Moreover, based on the accurately estimated posi 
tion of the outer edge of the wafer W, information that 
denotes the center position and rotation about the Z axis of 
the wafer W is obtained. 

0304 Moreover, according to this embodiment a pattern 
is transferred onto shot areas while controlling the position 
of the wafer W based on position information of the wafer 
W detected accurately by use of the above position detecting 
method. Therefore, a pattern can be accurately transferred 
onto shot areas. 

0305. In this embodiment, brightness is assumed to be 
uniform in each of the wafer image area and the background 
area in a pick-up field. However, even if brightness is not 
uniform in one or both of the wafer image area and the 
background area, when the minimum of brightness in one 
area is larger than the maximum of brightness in the other 
area, by estimating the position of the outer edge of the 
wafer image area in the manner described in the above 
embodiment, the position of the outer edge of the wafer 
image area can be estimated with a higher accuracy than is 
of a pixel in the prior art. 
0306 In this embodiment, during performing the edge 
position estimation on pixels Sequentially in the +Y direction 
at an X position, when the brightness of a pixel is larger than 
the threshold value, the Outer edge is immediately deter 
mined to exist there, and the Yposition thereof is calculated. 
However, when the brightness of a given number of con 
secutive pixels in the +Y direction is larger than the thresh 
old value, the Outer edge may be determined to exist in the 
first one of the consecutive pixels, So that the Y position 
thereof is calculated. This can increase tolerance to noise in 
the picking-up result. Needless to Say, the above method of 
extracting the outer edge can be applied to extracting the 
outer edge in the X direction. 
0307 While in this embodiment the edge position esti 
mation is started from a pixel that is necessarily in the wafer 
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image area, it may be Started from a pixel that is necessarily 
in the background area. Further, while in this embodiment 
the edge position estimation is performed on pixels Sequen 
tially in the +Y direction at an X position, it may be 
performed on pixels Sequentially in the +X direction at a Y 
position. 

0308 While in this embodiment the edge position esti 
mation is performed on all pixels, if a range in which the 
outer edge is present is known, it may be performed on 
pixels in the range. 

0309 While in this embodiment the threshold value is 
calculated by use of the least-entropy method, another 
Statistical method may be used. For example, in the case 
where the object image area and the background area are 
definitely known in a pick-up field and in each area there is 
no big variation in brightness, the middle value between 
means of brightness in the object image area and the 
background area may be used as the threshold value. 
0310. While in this embodiment the wafer W is loaded 
Such that its notch is oriented in the +Y direction in FIG. 20, 
this invention can be applied to the case where a wafer 
having a diameter of 12 inches is loaded Such that its notch 
is oriented in the -X direction, in which case the CCD 
cameras 40A, 40B, 40C are arranged so as to be able to pick 
up the images of the notch and parts of the wafer's periphery 
respectively that are located angular distances of +45 and 
-45 degrees apart from the notch's center. 
0311 Further, in order to be able to deal with it whether 
the notch is oriented in the +Y or -X direction, five CCD 
cameras may be arranged Such that they are located an 
angular distance of +45 degrees apart from one after another 
counterclockwise, the Second one of which is above a part 
directed in the +Y direction of the wafer's periphery. 
0312) While in this embodiment the wafer W is one 
having a diameter of 12 inches, this invention can be applied 
to a wafer having a diameter of 8 inches. 
0313 Further, not being limited to the above arrange 
ment, as long as one of the CCD cameras 40A, 40B, 40C is 
arranged So as to be able to pick up the image of the notch 
N, the arrangement of the otherS may be arbitrary. 

0314. Although in this embodiment the wafer W has a 
notch, this invention can be applied to a wafer having a 
orientation flat, in which case three CCD cameras are 
arranged So as to be able to pick up the images of both ends 
of the orientation flat and a part of the wafer's periphery, e.g. 
a part directed in the -X direction if the orientation flat is 
directed in the +Y direction. 

0315) <<A Third Embodiment>> 
0316) Next, the exposure apparatus of a third embodi 
ment will be described. This embodiment differs from the 
exposure apparatus of the Second embodiment in the con 
Struction and operation of the wafer shape computing unit 
51. The description in the below will focus mainly on the 
differences. The same numerals or Symbols as in the Second 
embodiment indicate elements which are the Same as or 
equivalent to those in the Second embodiment, and no 
description thereof will be provided. 

0317. The wafer shape computing unit 51 of this embodi 
ment, as shown in FIG. 30, comprises the units 151 through 
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154 in the Second embodiment, (a) an image data collecting 
unit 251 for collecting image data IMD1 from the pre 
alignment detection System RAS, (b) a position information 
processing unit 252 for obtaining position information of 
cross marks. JMA, JMB, JMC (see FIG. 33B) formed on a 
measurement wafer JW later-described based on the results 
of the CCD cameras 40A, 40B, 40C picking up three parts 
of the measurement wafer JW's periphery, and (c) a correc 
tion information calculating unit 253 for calculating correc 
tion information for the CCD cameras 40A, 40B, 40C based 
on the position information calculated by the position infor 
mation processing unit 252. The position information pro 
cessing unit 252 comprises (i) a correlation calculating unit 
256 for calculating a correlation between a picking-up result 
and a template pattern and (ii) a mark position calculating 
unit 257 for calculating position information of the cross 
marks based on the correlation calculated. 

0318. A wafer shape computation data store area 71 of 
this embodiment comprises the areas 161 through 164 in the 
Second embodiment, an image data Store area 271, a corre 
lation value Store area 272, a position information Store area 
273, a correction information store area 274, and a template 
pattern store area 279. 
0319 Needless to say, the image data collecting units 251 
and 151 may be a same unit, and the image data Store areas 
271 and 161 may be a same area. It is noted that in FIG. 30 
a Solid arrow indicates a data flow and a dashed arrow 
indicates a control flow. 

0320 While, in this embodiment, the wafer shape com 
puting unit 51 comprises the various units as described 
above, the main control System 20 may be a computer 
system where the functions of the various units of the wafer 
shape computing unit 51 are implemented as program mod 
ules installed therein, as in the Second embodiment. 
0321) The exposure operation of the exposure apparatus 
100 of this embodiment will be described in the following 
with reference to a flow chart in FIG. 31 and other figures 
as needed. In this embodiment the correction of the pre 
alignment detection System RAS means the correction of 
magnification and field rotation of each of the CCD cameras 
40A, 40B, 40C. 
0322 Hereinafter, a coordinate system (X, Y) denotes a 
two-dimensional coordinate System defined by the measure 
ment axes of the wafer interferometers 28X, 28.Y. Further, 
coordinate systems (XA, YA), (XB, YB), (XC, YC) denote 
two-dimensional coordinate Systems defined according to 
the arrangement of pixels in the pick-up fields of the CCD 
cameras 40A, 40B, 40C. Yet further, a numeral Suffix affixed 
to X, Y, XA, etc., indicates a value of a coordinate. 

0323. It is assumed that a template pattern TMP later 
described (see FIG. 35) is stored in the template pattern 
Store area 279. 

0324. The illumination O is measured in Subroutine 101 
of FIG. 31 as in the second embodiment, and step 109 
checks whether or not the pre-alignment detection System 
RAS is to be corrected. If the answer in step 109 is YES, the 
process proceeds to Subroutine 110. The pre-alignment 
detection System RAS is corrected upon installation, main 
tenance, etc., of the exposure apparatus 100, at which time 
the answer in step 109 is YES. Meanwhile, if the answer in 
step 109 is NO, the process proceeds to step 102. During 
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processing a lot of wafers no correction of the pre-alignment 
detection System RAS occurs, at which time the answer in 
step 109 is NO. In the below the case where the answer in 
step 109 is YES will be described. 
0325 Next, in Subroutine 110 the correction of the pre 
alignment detection System RAS, i.e., the CCD cameras 
40A, 40B, 40C used in pre-alignment is performed. It is 
assumed as a premise that the CCD cameras 40A, 40B, 40C 
are arranged Such that the camera 40A is located above part 
of a wafer W’s periphery directed in the +Y direction, and 
the cameras 40B, 40C are angular distances of -45 and +45 
degrees respectively apart from the camera 40A along the 
wafer W’s outer edge. 
0326 In Subroutine 110, first in step 281 as shown in 
FIG. 32, the wafer loader (not shown) loads the measure 
ment wafer JW onto the wafer holder 25 on the Substrate 
table 18 at a wafer loading point, to which the controller 59 
has moved the wafer stage WST via the stage control system 
19 and the wafer stage driving unit 21 based on position 
information (or speed information) from the wafer interfer 
ometer 28. 

0327. The measurement wafer JW has the three cross 
marks. JMA, JMB, JMC formed on the Surface of the 
periphery thereof as shown in FIG. 33A. The three cross 
marks JMA, JMB, JMC each have two square patterns SP 
touching each other at a point as representatively shown by 
the cross mark JMA in FIG. 33B. As shown in FIG. 33A, 
a line joining the center of the croSS mark JMA and the 
center O of the measurement wafer JW makes an angle of 
Substantially 45 degrees with a line joining the center of the 
cross mark JMB and the center O of the measurement wafer 
JW and with a line joining the center of the cross mark JMB 
and the center 0 of the measurement wafer JW. 
0328 Next, in step 282 the controller 59 moves the wafer 
stage WST via the stage control system 19 and the wafer 
Stage driving unit 21 based on position information (or Speed 
information) from the wafer interferometer 28 so as to 
position the measurement wafer JW at a first through a third 
position Sequentially and picks up the images thereof by 
means of the CCD cameras 40A, 40B, 40C. 

0329. In step 282, first the controller 59 moves the wafer 
stage WST so as to position the measurement wafer JW at 
the first position (X, Y) and picks up the images of three 
parts of the measurement wafer JW's periphery which 
include the cross marks JMA, JMB, JMC respectively by 
means of the CCD cameras 40A, 40B, 40C. 

0330 FIGS. 34A through 34C show the examples of the 
picking-up results of the CCD cameras 40A, 40B, 40C. The 
picking-up result of the CCD camera 40A shown in FIG. 
34A is the image, in field VAA, of a part of the measurement 
wafer JW's periphery directed in the +Y direction, which 
image has an inside wafer area IWAA including the croSS 
mark JMA and an outside wafer area EWAA. Let WA 
indicate the dimension of the pattern SP of the cross mark 
JMA. 

0331 Further, let DA1 and DA2 indicate brightness of 
pixels in the patterns SP of the cross mark JMA and 
brightness of pixels outside the patterns SP in the inside 
wafer area IWAA respectively, where DA2 is less than DA1. 
And it is assumed that the image of the outside wafer area 
EWAA can be discriminated from the image of the inside 
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wafer area IWAA by use of image processing. Further, let 
DA3 indicate brightness of pixels in the outside wafer area 
EWAA, where DA3 is not equal to DA1 and DA2. 
0332 The picking-up result of the CCD camera 40B 
shown in FIG. 34B is the image, in field VAD, of a part of 
the measurement wafer JWS periphery an angular distance 
of -45 degrees apart from the field VAA, which image has 
an inner wafer area IWAB including the cross mark JMB and 
an outer wafer area EWAB. Let DB1, DB2 and DB3 indicate 
brightness of pixels in the patterns SP of the cross mark 
JMB, brightness of pixels outside the patterns SP in the inner 
wafer area IWAB, and brightness of pixels in the outer wafer 
area EWAB respectively, where DB2 is less than DB1, and 
DB3 is not equal to DB1 and DB2. Let WB indicate the 
dimension of the pattern SP of the cross mark JMB. 
0333) The picking-up result of the CCD camera 40B 
shown in FIG. 34C is the image, in field VAC, of a part of 
the measurement wafer JWS periphery an angular distance 
of +45 degrees apart from the field VAA, which image has 
an inner wafer area IWAC including the cross mark JMC and 
an outer wafer area EWAC. Let DC1, DC2 and DC3 indicate 
brightness of pixels in the patterns SP of the cross mark 
JMC, brightness of pixels outside the patterns SP in the inner 
wafer area IWAC, and brightness of pixels in the outer wafer 
area EWAC respectively, where DC2 is less than DC1, and 
DC3 is not equal to DC1 and DC2. Let WC indicate the 
dimension of the pattern SP of the cross mark JMC. 
0334. The picking-up results as image data IMD1 are 
Supplied to the main control system 20, of which the image 
data collecting units 251 receives the image data IMD1 and 
Stores it together with picking-up position (X, Y) data in 
the image data Store areas 271. 
0335) Next, the water stage WST is moved in the +X 
direction to the Second picking-up position (X, Y), which 
is a distance AX apart from the first picking-up position (X, 
Y) (X=X+AX and Y=Y) and where the cross marks 
JMA, JMB, JMC still lie in the pick-up fields of the CCD 
cameras 40A, 40B, 40C respectively. In the same way as for 
the first picking-up position (X, Y), the images of three 
parts of the measurement wafer JW's periphery which 
include the cross marks JMA, JMB, JMC respectively are 
picked up by means of the CCD cameras 40A, 40B, 40C. In 
the Second picking-up position (X, Y), brightness of pixels 
in the patterns SP of the cross marks JMA, JMB, JMC and 
brightness of pixels outside the patterns SP in the inner 
wafer areas IWAA, IWAB, IWAC, and brightness of pixels 
in the outer wafer areas EWAA, EWAB, EWAC are the same 
as those in the first picking-up position (X, Y). The 
picking-up results as image data IMD1 are Supplied to the 
main control system 20, which stores it together with 
picking-up position (X, Y) data in the image data store 
areas 271. 

0336 Subsequently, the wafer stage WST is moved in the 
+Y direction to the third picking-up position (X, Y), which 
is a distance AY apart from the Second picking-up position 
(X,Y) (X=X and Y=Y+AY) and where the cross marks 
JMA, JMB, JMC still lie in the pick-up fields of the CCD 
cameras 40A, 40B, 40C respectively. In the same way as for 
the first picking-up position (X, Y), the images of three 
parts of the measurement wafer JW's periphery which 
include the cross marks JMA, JMB, JMC respectively are 
picked up by means of the CCD cameras 40A, 40B, 40C. In 
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the third picking-up position (X, Y), brightness of pixels 
in the patterns SP of the cross marks JMA, JMB, JMC and 
brightness of pixels outside the patterns SP in the inner 
wafer areas IWAA, IWAB, IWAC, and brightness of pixels 
in the outer wafer areas EWAA, EWAB, EWAC are the same 
as those in the first picking-up position (X, Y) . The 
picking-up results as image data IMD1 are Supplied to the 
main control system 20, which stores it together with 
picking-up position (X, Y) data in the image data store 
areas 271. 

0337 Referring back to FIG. 32, next in step 283 posi 
tion information of the cross marks. JMA, JMB, JMC in the 
first through third picking-up positions are calculated. In the 
calculation, the mark position calculating unit 256, first, 
reads the picking-up result of the CCD camera 40A in the 
first picking-up position (X, Y) from the image data store 
areas 271 and the template pattern TMP shown in FIG. 35 
from the template pattern store area 279. 
0338. The template pattern TMP is composed of four 
lines TMaa, TMab, TMba, TMbb extending radially from a 
reference point PTO as shown in FIG. 35, the lines TMaa, 
TMab of which form a first pattern TMa and the linesTMba, 
TMbb of which form a second pattern TMb, which patterns 
TMa, TMb are perpendicular to each other at the reference 
point PTO. The reference point PTO is in the middle of the 
first pattern TMa and in the middle of the second pattern 
TMb. Further, brightness of the first pattern TMa is uniform 
therein and is indicated by DTa; brightness of the first 
pattern TMb is uniform therein and is indicated by DTb 
(>DTa). Yet further, the XT and YT axes of a template 
coordinate System (XT, YT) make an angle of 45 degrees 
with the first pattern TMa and the second pattern TMb, 
whose line widths are almost the same as the dimension of 
the pixel. 
0339 Still further, let TW indicate the dimensions in the 
XT and YT directions of the template pattern TMP, which 
TW is set to be Smaller than twice the dimension WA, WB, 
WC in the picking-up result of the pattern SP of each cross 
mark JMA, JMB, JMC, that is, the predicted dimension of 
each cross mark JMA, JMB, JMC. The dimensions TW of 
the template pattern TMP can be magnified and reduced to 
be smaller than the dimension of each cross mark JMA, 
JMB, JMC. 
0340 Next, the mark position calculating unit 256 
extracts the croSS mark JMA from the picking-up result of 
the CCD camera 40A in the first picking-up position (X, 
Y). While moving two-dimensionally the reference point 
PTO of the template pattern TMP in the coordinate system 
(XA, YA) with the XT axis being parallel to the XA axis in 
such a range that the whole template pattern TMP covers 
part of the extracted croSS mark JMA, correlation between 
the template pattern TMP and the picking-up result in each 
position is calculated. 
0341 The correlation may be normalized correlation 
between the template pattern TMP and a picking-up result or 
the sum of the absolute values of the differences in bright 
ness in positions between the template pattern TMP and a 
picking-up result, and the latter is used in this embodiment. 
0342. The mark position calculating unit 256 stores the 
calculated correlations in the correlation value Store area 
272. 

0343 Subsequently, the mark position calculating unit 
257 reads from the correlation value store area 272 the 
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correlations, which form a function of the coordinates (XA, 
YA), and obtains coordinates (XA, YA) where the corre 
lation function takes on a minimum. Incidentally, if the 
correlation is normalized correlation, the mark position 
calculating unit 257 obtains coordinates where the correla 
tion function takes on a maximum. 

0344) The correlation function between the template pat 
tern TMP and the picking-up result takes on a minimum 
when the center of the cross mark JMA coincides with the 
reference point PTO, and obtaining the coordinates (XA, 
YA) obtains the center position in the coordinate System 
(XA, YA), i.e., position information of the cross mark JMA 
from the picking-up result of the CCD camera 40A in the 
first picking-up position (X, Y). The mark position calcu 
lating unit 257 stores the obtained position information 
(XA, YA) in the position information store area 273. 
0345 Next, in the same way as for the picking-up result 
of the CCD camera 40A, position information (XB, YB) 
of the cross mark JMB in the coordinate system (XB, YB) 
and position information (XC, YC) of the cross mark JMC 
in the coordinate system (XC, YC) are obtained from the 
picking-up results of the CCD cameras 40B, 40C in the first 
picking-up position (X, Y) and are stored in the position 
information store area 273. 

0346) Subsequently, in the same way as with the first 
picking-up position (X, Y), position information (XA, 
YA) of the cross mark JMA in the coordinate system (XA, 
YA), position information (XB, YB) of the cross mark 
JMB in the coordinate system (XB, YB) and position 
information (XC, YC) of the cross mark JMC in the 
coordinate System (XC, YC) are obtained from the picking 
up results of the CCD cameras 40A, 408, 40C in the second 
picking-up position (X, Y). Further, in the same way as 
with the first picking-up position (X, Y), position infor 
mation (XA, YA) of the cross mark JMA in the coordinate 
system (XA, YA), position information (XB, YB) of the 
cross mark JMB in the coordinate system (XB, YB) and 
position information (XC, YC) of the cross mark JMC in 
the coordinate system (XC, YC) are obtained from the 
picking-up results of the CCD cameras 40A, 40B, 40C in the 
Second picking-up position (X, Y), and the obtained posi 
tion information (XA, YA), (XB, YB), (XC, YC), 
(XA, YA), (XB, YB), (XC, YC) are stored in the 
position information store area 273. 
0347 Referring back to FIG. 32, next in step 284, the 
rotation angles of fields of the CCD cameras 40A, 40B, 40C, 
that is, the field coordinate systems (XA, YA), (XB, YB), 
(XC, YC) with respect to the stage coordinate system (X,Y) 
are calculated. In the calculation of the rotation angles, the 
correction information calculating unit 253 reads the posi 
tion information (XA, YA), (XB YB), (XC, YC) (j=1 
through 3) from the position information store area 273. 
0348 Subsequently, the correction information calculat 
ing unit 253 calculates a first estimated rotation angle 01A of 
the field coordinate system (XA, YA) with respect to the 
Stage coordinate System (X, Y) given by the equation (19), 
where it is considered that variation of the position infor 
mation of the cross mark JMA from (XA, YA) to (XA, 
YA) in the field coordinate system (XA, YA) corresponds to 
the movement of the wafer stage WST by the distance AX 
in the +X direction in the stage coordinate System (X, Y), 

01.=tan" (YA-YA)/(XA-XA) (19) 
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0349. Because variation of the position information of the 
cross mark JMA from (XA,YA) to (XA, YA) in the field 
coordinate System (XA, YA) corresponds to the movement 
of the wafer stage WST by the distance AY in the +Y 
direction in the Stage coordinate System (X, Y), the correc 
tion information calculating unit 253 calculates a Second 
estimated rotation angle 02A of the field coordinate System 
(XA, YA) with respect to the stage coordinate system (X,Y) 
given by the equation (20) 

0350 And the correction information calculating unit 
253 calculates a rotation angle 0 of the field coordinate 
System (XA, YA) with respect to the stage coordinate System 
(X, Y) given by the equation (21) 

0351. The correction information calculating unit 253 
Stores the calculated rotation angle 0A in the correction 
information store area 274. 

0352 Next, the correction information calculating unit 
253 calculates a rotation angle 0 of the field coordinate 
system (XB, YB) with respect to the stage coordinate system 
(X, Y) and a rotation angle 0 of the field coordinate System 
(XC,YC) with respect to the stage coordinate system (X,Y) 
given by the equations (22) and (23) respectively, 

0353. The correction information calculating unit 253 
Stores the calculated rotation angles 0, 0 in the correction 
information store area 274. 

0354) Next, in step 285 the pick-up magnifications of the 
CCD cameras 40A, 40B, 40C are calculated. In the calcu 
lation the correction information calculating unit 253, first, 
calculates a magnification MXA in the XA direction of the 
CCD camera 40A given by the equation (24) based on the 
position information (XA, YA), (XA, YA) of the cross 
mark JMA, the rotation angle 0A, and the distance AX from 
the first picking-up position (X, Y) to the Second picking 
up position (X, Y) in the movement in the +X direction of 
the wafer stage WST, 

MXA=(XA-XA)/(AX-cose) (24) 

0355 Subsequently, the correction information calculat 
ing unit 253 calculates a magnification MYA in the YA 
direction of the CCD camera 40Agiven by the equation (25) 
based on the position information (XA, YA), (XA, YA) 
of the croSS mark JMA, the rotation angle 0A, and the 
distance AY from the first picking-up position (X,Y) to the 
Second picking-up position (X, Y) in the movement in the 
+Y direction of the wafer stage WST, 

MYA=(YA-YA)/(AY-cose) (25) 

0356 And the correction information calculating unit 
253 stores the calculated magnifications MXA, MYA in the 
correction information store area 274. 

0357 Next, in the same way as for the CCD camera 40A, 
the correction information calculating unit 253 calculates 
magnifications MXB, MYB in the XB and YB directions of 
the CCD camera 40B given by the equations (26) and (27) 
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and magnifications MXC, MYC in the XC and YC direc 
tions of the CCD camera 40B given by the equations (28) 
and (29), 

0358 And the correction information calculating unit 
253 stores the calculated magnifications MXB, MYB, MXC, 
MYC in the correction information store area 274. 

0359. After the rotation angles of the fields and the 
pickup magnifications of the CCD cameras 40A, 40B, 40C 
have been calculated, the process of subroutine 110 ends and 
the process proceeds to step 102 in FIG. 31. 
0360 Subsequently, in steps 102 through 104, a reticle R 
and a wafer W are loaded onto the reticle stage RST and the 
substrate table 18 respectively, and after the wafer W is 
moved to a pick-up position, the pre-alignment Sensors 40A, 
40B, 40C pick up the images of the wafer W’s periphery. 
Then in subroutine 105 the center position and rotation 
about the Z axis of the wafer W are calculated in the same 
way as in the Second embodiment. 
0361. After measurement in step 106 for preparation for 
exposure in the same manner as in the Second embodiment, 
Scan exposure is performed on each shot area in Step 107. 
And in step 108 after the wafer stage WST is moved to an 
unloading position, an unloader (not shown) unloads the 
wafer W from the substrate table 18. This completes expo 
Sure of the wafer W. 

0362. As described above, in this embodiment position 
information of the cross marks. JMA, JMB, JMC formed on 
the measurement wafer JW is detected by picking up the 
images of areas which include the cross marks JMA, JMB, 
JMC respectively and performing template matching by use 
of the template pattern TMP. Here, the cross marks JMA, 
JMB, JMC each are a mark having four areas divided by 
boundaries extending from the mark's center, and the tem 
plate pattern TMP has the four line pattern elements, which 
extend through the respective four areas of the croSS mark 
when in a picking-up result the center of the croSS mark 
coincides with the reference point PTO thereof and have 
brightness according to the respective four areas. Therefore, 
position information of the mark can be detected accurately 
and quickly because of using the template pattern according 
to the mark's shape and because of the number of pixel data 
being Small with which correlation of the template pattern is 
calculated. 

0363. Further, because the template pattern TMP's four 
line pattern elements Substantially bisect the respective four 
areas of the croSS mark, even when the measurement wafer 
JW has been rotated a bit about its normal direction (the Z 
direction), the position information of the cross markSJMA, 
JMB, JMC can be detected accurately. 
0364 Still further, because brightness of the template 
pattern TMPs four line pattern elements is set according to 
that of the respective four areas, by obtaining a position 
where the correlation takes on a maximum (or local maxi 
mum) or a minimum (local minimum), the position infor 
mation of the cross marks. JMA, JMB, JMC can be detected 
accurately. 
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0365 Yet further, because the CCD cameras 40A, 40B, 
40C of the pre-alignment detection system RAS detect the 
position information of a wafer W which cameras have been 
corrected based on the results of accurately detecting posi 
tions of the cross marks JMA, JMB, JMC, a pattern on the 
reticle R can be accurately transferred onto the wafer W. 
0366 While in the above embodiment the X-shape tem 
plate pattern TMP is used because the cross mark has the 
four areas around its center, a T-shaped template pattern may 
be used which has three line pattern elements extending in 
a letter T from its reference point. 
0367. While in the above embodiment the cross marks 
JMA, JMB, JMC are used which each have four areas 
divided by boundaries extending from the mark's center, a 
mark can be used which has three or more areas divided by 
three or more boundary lines extending from the mark's 
Specific point, in which case a template pattern having three 
or more line pattern elements extending radially from its 
reference point may be used. 
0368 While in the above embodiment the width of the 
line pattern elements is almost the same as the dimension of 
the pixel, it may be larger than the dimension of the pixel. 

0369. Further, instead of the sum of the absolute values of 
the differences in pixels, or the normalized correlation, in 
brightness between a picking-up result and the template 
pattern TMP, the sum of the absolute values of the differ 
ences, or the normalized correlation, in brightness in line 
pattern elements between a picking-up result and the tem 
plate pattern TMP may be used. 

0370. In the above embodiment instead of the line pattern 
elements, curve patterns may be used as long as they divide 
the respective areas of the mark when the center of the mark 
coincides with the reference point of the template pattern. 

0371 Although in the above embodiments the measure 
ment wafer JW held on the wafer holder 25 is viewed by use 
of the pre-alignment detection System RAS in order to 
correct the CCD cameras 40A, 40B, 40C and pre-alignment 
is performed on a wafer W held on the wafer holder 25, the 
Viewing of the measurement wafer JW and the pre-align 
ment of a wafer W may be performed while each of them is 
being held on the wafer loader before being loaded onto the 
wafer holder 25, in which case during pre-alignment, part of 
measurement for preparation for exposure (reticle align 
ment, base line measurement, etc.) can be performed. Fur 
ther, this invention can be applied to a pre-alignment appa 
ratus disposed on the path for the wafer loader to transport 
wafers on. 

0372. In addition, while the above embodiments describe 
the case of a Scan-type exposure apparatus, this invention 
can be applied to any exposure apparatus for manufacturing 
devices or liquid crystal displayS. Such as a reduction pro 
jection exposure apparatus using ultraViolet light or Soft 
X-rays having a wavelength of about 10 nm as the light 
Source, an X-ray exposure apparatus using light having a 
wavelength of about 1 nm, and an exposure apparatus using 
EB (electron beam) or an ion beam, regardless of whether it 
is of a step-and-repeat type, a step-and-Scan type, or a 
Step-and-Stitching type. 

0373) In addition, while the above embodiments describe 
an exposure apparatus, the present invention can be applied 
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to other units than exposure apparatuses Such as a unit for 
Viewing objects using a microScope and a unit used to detect 
the positions of objects in an assembly line, proceSS line or 
inspection line. 

0374) <<Manufacture of Devices>> 

0375) Next, the manufacture of devices (semiconductor 
chips such as ICs or LSIs, liquid crystal panels, CCD's, thin 
magnetic heads, micro machines, or the like) by using the 
exposure apparatus and method according to any of the first 
through third embodiments will be described with using the 
manufacture of Semiconductor devices as an example. 
0376. In a design steps function/performance design for 
the devices (e.g., circuit design) is performed and pattern 
design is performed to implement the function. In a mask 
manufacturing Step, masks on which a different Sub-pattern 
of the designed circuit is formed are produced. In a wafer 
manufacturing Step, wafers are manufactured by using sili 
con material or the like. 

0377. In a wafer processing step, actual circuits and the 
like are formed on the wafers by lithography or the like 
using the masks and the wafers prepared in the above Steps, 
as will be described below. 

0378. This wafer processing step comprises a pre-process 
and a post-process described later, which are repeated. The 
pre-proceSS comprises an oxidation Step where the Surface of 
a wafer is oxidized, a CVD Step where an insulating film is 
formed on the wafer Surface, an electrode formation Step 
where electrodes are formed on the wafer by vapor deposi 
tion, and an ion implantation Step where ions are implanted 
into the wafer, which StepS are Selectively executed in 
accordance with the processing required in each repetition in 
the wafer processing Step. 

0379 When the above pre-process is completed in each 
repetition in the wafer processing Step, the post-process is 
executed in the following manner. In a resist coating Step, 
the wafer is coated with a photosensitive material (resist). In 
an eXposure Step, an exposure apparatus according to any of 
the first through third embodiments transfers a sub-pattern of 
the circuit on a mask onto the wafer. In a development Step, 
the exposed wafer is developed. In an etching Step, an 
uncovered member of portions other than portions on which 
the resist is left is removed by etching. In a resist removing 
Step, the unnecessary resist after the etching is removed. 
0380. By repeating the pre-process and the post-process 
from the resist coating Step through the resist removing Step, 
a multiple layer circuit pattern is formed on each shot area 
of the wafer. 

0381. After the wafer process, in an assembly step, the 
devices are assembled from the wafer processed in the wafer 
processing Step. The assembly Step includes processes Such 
as dicing, bonding, and packaging (chip encapsulation). 
0382 Finally, in an inspection Step, an operation test, 
durability test, and the like are performed on the devices. 
After these Steps, the process ends and the devices are 
Shipped out. 

0383. In the above manner, the devices on which a fine 
pattern is accurately formed are manufactured with high 
productivity. 
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0384 While the above-described embodiments of the 
present invention are the presently preferred embodiments 
thereof, those skilled in the art of lithography systems will 
readily recognize that numerous additions, modifications, 
and substitutions may be made to the above-described 
embodiments without departing from the Spirit and Scope 
thereof. It is intended that all Such modifications, additions, 
and Substitutions fall within the Scope of the present inven 
tion, which is best defined by the claims appended below. 

What is claimed is: 
1. An image processing method which comprises acquir 

ing an image of a plurality of areas of which two adjacent 
areas have different image characteristics from each other; 
and analyzing Said image with using the difference between 
image characteristics of Said two adjacent areas to obtain 
information about a boundary between said two adjacent 
areas, wherein 

Said image includes first and Second areas which have 
intrinsic image patterns different from each other and 
between which the boundary cannot be detected as a 
continuous line based on the differences between indi 
vidual pixel data value, and 

Said analyzing Said image comprises: 

calculating a texture characteristic's value in each 
position of a texture analysis window of a predeter 
mined size based on pixel data in Said texture analy 
sis window, while moving said texture analysis win 
dow; and 

estimating a boundary between said first and Second 
areas based on a distribution of the texture charac 
teristic's values calculated in Said calculating a tex 
ture characteristic's value, and 

when it is known that a specific area is a part of Said first 
area in Said image, Said calculating a texture charac 
teristic's value comprises: 
calculating Said texture characteristic's value while 

changing a position of Said texture analysis window 
in Said specific area and examining how Said texture 
characteristic's value in Said Specific area varies 
according to the position of Said texture analysis 
window; and 

calculating Said texture characteristic's value while 
changing a position of Said texture analysis window 
outside Said specific area. 

2. The image processing method according to claim 1, 
wherein at least one of intrinsic patterns of Said first and 
Second areas is known. 

3. The image processing method according to claim 2, 
wherein the Size of Said texture analysis window is deter 
mined according to Said known intrinsic pattern. 

4. The image processing method according to claim 1, 
wherein Said texture characteristic's value is at least one of 
mean and variance of pixel data in Said texture analysis 
window. 

5. A detecting method with which to detect characteristic 
information of an object based on a distribution of light 
through Said object when illuminating Said object, Said 
detecting method comprising: 
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processing an image formed by Said light through Said 
object with the image processing method according to 
claim 1; and 

detecting characteristic information of Said object based 
on the processing result of Said processing an image. 

6. The detecting method according to claim 5, wherein the 
characteristic information of Said object is shape information 
of Said object. 

7. The detecting method according to claim 5, wherein the 
characteristic information of Said object is position infor 
mation of Said object. 

8. An exposure method with which to transfer a given 
pattern onto a Substrate, Said exposure method comprising: 

detecting position information of Said SubStrate with the 
detecting method according to claim 7; and 

transferring Said given pattern onto Said Substrate while 
controlling a position of Said Substrate based on the 
position information of Said Substrate detected in Said 
detecting position information of Said Substrate. 

9. The detecting method according to claim 5, wherein 
Said object is at least one optical element, and the charac 
teristic information of Said object is optical characteristic 
information of Said at least one optical element. 

10. An exposure method with which to transfer a given 
pattern onto a Substrate by illuminating with an exposure 
beam via an optical System, Said exposure method compris 
ing: 

detecting optical characteristic information of Said optical 
System with the detecting method according to claim 9; 
and 

transferring Said given pattern onto Said Substrate based 
on the detecting result of Said detecting optical char 
acteristic information. 

11. An image processing method which comprises acquir 
ing an image of a plurality of areas of which two adjacent 
areas have different image characteristics from each other; 
and analyzing Said image with using the difference between 
image characteristics of Said two adjacent areas to obtain 
information about a boundary between said two adjacent 
areas, wherein 

Said image includes first and Second areas which have 
intrinsic image patterns different from each other and 
between which the boundary cannot be detected as a 
continuous line based on the differences between indi 
vidual pixel data, and 

Said analyzing Said image comprises: 

determining weight information which is assigned to 
each of pixels in a Square texture analysis window, 
and which is defined by a ratio of an inscribed circle 
area of Said texture analysis window to a whole area 
of a rectangular Sub-area, for each of Said rectangular 
Sub-areas into which Said texture analysis window is 
divided according to each pixel; 

calculating a texture characteristic's value in each 
position of Said texture analysis window based on 
Said weight information and Said each pixel data in 
Said texture analysis window, while moving Said 
texture analysis window; and 
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estimating a boundary between said first and Second 
areas based on a distribution of the texture charac 
teristic's values calculated in Said calculating a tex 
ture characteristic's value. 

12. The image processing method according to claim 11, 
wherein Said weight information further includes additional 
weight information according to the type of texture analysis. 

13. The image processing method according to claim 11, 
wherein Said texture characteristic's value is at least one of 
weighted mean and weighted variance of pixel data in Said 
texture analysis window. 

14. A detecting method with which to detect characteristic 
information of an object based on a distribution of light 
through Said object when illuminating Said object, Said 
detecting method comprising: 

processing an image formed by Said light through said 
object with the image processing method according to 
claim 11; and 

detecting characteristic information of Said object based 
on the processing result of Said processing an image. 

15. The detecting method according to claim 14, wherein 
the characteristic information of Said object is shape infor 
mation of Said object. 

16. The detecting method according to claim 14, wherein 
the characteristic information of Said object is position 
information of Said object. 

17. An exposure method with which to transfer a given 
pattern onto a Substrate, Said exposure method comprising: 

detecting position information of Said Substrate with the 
detecting method according to claim 16; and 

transferring Said given pattern onto Said Substrate while 
controlling a position of Said Substrate based on the 
position information of Said Substrate detected in Said 
detecting position information of Said Substrate. 

18. The detecting method according to claim 14, wherein 
Said object is at least one optical element, and the charac 
teristic information of Said object is optical characteristic 
information of Said at least one optical element. 

19. An exposure method with which to transfer a given 
pattern onto a Substrate by illuminating with an exposure 
beam via an optical System, Said exposure method compris 
ing: 

detecting optical characteristic information of Said optical 
System with the detecting method according to claim 
18; and 

transferring Said given pattern onto Said Substrate based 
on the detecting result of Said detecting optical char 
acteristic information. 

20. An image processing method which comprises acquir 
ing an image of a plurality of areas of which two adjacent 
areas have different image characteristics from each other; 
and analyzing Said image with using the difference between 
image characteristics of Said two adjacent areas to obtain 
information about a boundary between said two adjacent 
areas, wherein 

Said image is an image having no fewer than three tones 
that includes first and Second areas which are different 
from each other in brightness of pixels in the vicinity of 
the boundary, and 
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Said analyzing Said image comprises: 
calculating a threshold of brightness information to 

discriminate Said first and Second areas in Said image 
based on a distribution of brightness of Said image; 
and 

obtaining a position on Said pixel at which the bright 
neSS is estimated to be equal to Said threshold, based 
on Said brightness distribution of Said image with 
accuracy higher than accuracy on the pixel Scale, and 
estimating the obtained position to be a boundary 
position between said first and Second areas. 

21. The image processing method according to claim 20, 
wherein 

Said image is a Set of brightness of a plurality of pixels 
arranged two-dimensionally along first and Second 
directions, and 

Said estimating a boundary position comprises: 
estimating a first estimated boundary position in Said 

first direction based on brightness of first and Second 
pixels that have a first magnitude relation and are 
adjacent to each other in Said first direction in Said 
image, and Said threshold. 

22. The image processing method according to claim 21, 
wherein Said first magnitude relation is a relation where one 
of a first condition and a Second condition is fulfilled, in Said 
first condition brightness of Said first pixel being greater than 
Said threshold and brightness of Said Second pixel being not 
greater than Said threshold, and in Said Second condition 
brightness of Said first pixel being not less than Said thresh 
old and brightness of Said Second pixel being less than Said 
threshold. 

23. The image processing method according to claim 22, 
wherein Said first estimated boundary position is at a posi 
tion which divides internally a line Segment joining the 
centers of Said first and Second pixels in proportion to an 
absolute value of difference between brightness of said first 
pixel and Said threshold, and an absolute value of difference 
between brightness of Said Second pixel and Said threshold. 

24. The image processing method according to claim 21, 
wherein Said estimating a boundary position further com 
prises: 

estimating a Second estimated boundary position in Said 
second direction based on brightness of third and fourth 
pixels that have a Second magnitude relation and are 
adjacent to each other in Said Second direction in Said 
image, and Said threshold. 

25. The image processing method according to claim 24, 
wherein Said Second magnitude relation is a relation where 
one of a third condition and a fourth condition is fulfilled, in 
Said third condition brightness of Said third pixel being 
greater than Said threshold and brightness of Said fourth 
pixel being not greater than Said threshold, and in a fourth 
condition brightness of Said third pixel being not less than 
Said threshold and brightness of Said fourth pixel being leSS 
than said threshold. 

26. The image processing method according to claim 25, 
wherein Said Second estimated boundary position is at a 
position which divides internally a line Segment joining the 
centers of Said third and fourth pixels in proportion to an 
absolute value of difference between brightness of said third 
pixel and Said threshold, and an absolute value of difference 
between brightness of said fourth pixel and said threshold. 
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27. A detecting method with which to detect characteristic 
information of an object based on a distribution of light 
through Said object when illuminating Said object, Said 
detecting method comprising: 

processing an image formed by Said light through said 
object with the image processing method according to 
claim 20; and 

detecting characteristic information of Said object based 
on the processing result of Said processing an image. 

28. The detecting method according to claim 27, wherein 
the characteristic information of Said object is shape infor 
mation of Said object. 

29. The detecting method according to claim 27, wherein 
the characteristic information of Said object is position 
information of Said object. 

30. An exposure method with which to transfer a given 
pattern onto a Substrate, Said exposure method comprising: 

detecting position information of Said Substrate with the 
detecting method according to claim 29; and 

transferring Said given pattern onto Said Substrate while 
controlling a position of Said Substrate based on the 
position information of Said Substrate detected in Said 
detecting position information of Said Substrate. 

31. The detecting method according to claim 27, wherein 
Said object is at least one optical element, and the charac 
teristic information of Said object is optical characteristic 
information of Said at least one optical element. 

32. An exposure method with which to transfer a given 
pattern onto a Substrate by illuminating with an exposure 
beam via an optical System, Said exposure method compris 
Ing: 

detecting optical characteristic information of Said optical 
System with the detecting method according to claim 
31; and 

transferring Said given pattern onto Said Substrate based 
on the detecting result of Said detecting optical char 
acteristic information. 

33. An image processing method which comprises acquir 
ing an image of a plurality of areas of which two adjacent 
areas have different image characteristics from each other; 
and analyzing Said image with using the difference between 
image characteristics of Said two adjacent areas to obtain 
information about a boundary between said two adjacent 
areas, wherein 

Said image has no fewer than three areas divided by no 
fewer than three boundary lines that extend radially 
from a Specific point, and 

Said analyzing Said image comprises: 
preparing a template pattern that includes at least three 

line pattern elements extending from a reference 
point, and when said reference point coincides with 
Said Specific point, Said at least three line pattern 
elements extend through respective areas of Said no 
fewer than three areas and have level values corre 
sponding to predicted level values of Said respective 
areas, and 

calculating a correlation value between Said image and 
Said template pattern in each position of Said image, 
while moving Said template pattern in Said image. 
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34. The image processing method according to claim 33, 
wherein each said line pattern element extends along a 
bisector of an angle predicted to be made by the boundary 
lines of Said respective areas in Said image. 

35. The image processing method according to claim 33, 
wherein the numbers of said no fewer than three boundary 
lines and Said no fewer than three areas are four, and out of 
Said four boundary lines, two boundary lines are Substan 
tially on a first Straight line, and the other two boundary lines 
are Substantially on a Second Straight line. 

36. The image processing method according to claim 35, 
wherein Said first and Second Straight lines are perpendicular 
to each other. 

37. The image processing method according to claim 35, 
wherein the number of Said line pattern elements is four. 

38. The image processing method according to claim 37, 
wherein 

among Said four areas in Said image, adjacent two areas 
are different from each other in level value, and 

two areas diagonal acroSS Said Specific point are Substan 
tially the same in level value. 

39. The image processing method according to claim 33, 
wherein level values of Said line pattern elements have a 
Same magnitude relation as a magnitude relation of level 
values that Said respective areas in Said image is predicted to 
have. 

40. A detecting method with which to detect position 
information of a mark that has no fewer than three areas 
divided by no fewer than three boundary lines extending 
radially from a specific point, Said detecting method com 
prising: 

acquiring an image formed by light through said object, 
and processing Said image with the image processing 
method according to claim 33, and 

detecting position information of Said mark based on the 
processing result of Said processing Said image. 

41. An exposure method with which to transfer a given 
pattern onto a Substrate, Said exposure method comprising: 

detecting position information of a mark formed on at 
least one of Said Substrate and a measurement Substrate 
with the detecting method according to claim 40; and 

transferring Said given pattern onto Said Substrate while 
controlling a position of Said Substrate based on the 
position information of Said mark detected in Said 
detecting position information of a mark. 

42. An image processing unit which comprises an image 
acquiring unit which acquires an image of a plurality of 
areas of which two adjacent areas have different image 
characteristics from each other; and an image analyzing unit 
which analyzes Said image with using the difference 
between image characteristics of Said two adjacent areas to 
obtain information about a boundary between said two 
adjacent areas, wherein 

Said image includes first and Second areas which have 
intrinsic image patterns different from each other and 
between which the boundary cannot be detected as a 
continuous line based on the differences between indi 
vidual pixel data value, and 
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Said image analyzing unit comprises: 

a characteristic value calculating unit that calculates a 
texture characteristic's value in each position of a 
texture analysis window of a predetermined size 
based on pixel data in Said texture analysis window, 
while moving Said texture analysis window; and 

a boundary estimating unit that estimates the boundary 
between Said first and Second areas based on a 
distribution of the texture characteristic's values 
calculated by Said characteristic value calculating 
unit, and 

when it is known that a specific area is a part of Said first 
area in Said image, Said characteristic value calculating 
unit: 

calculates Said texture characteristic's value while 
changing a position of Said texture analysis window 
in Said specific area, and examines how Said texture 
characteristic's value in Said Specific area varies 
according to the position of Said texture analysis 
window; and 

calculates Said texture characteristic's value while 
changing a position of Said texture analysis window 
outside Said specific area. 

43. The image processing unit according to claim 42, 
wherein 

at least one of intrinsic patterns of Said first and Second 
areas is known, and 

Said characteristic value calculating unit calculates Said 
texture characteristic's value while moving Said texture 
analysis window whose size has been determined 
according to Said known intrinsic pattern. 

44. The image processing unit according to claim 42, 
wherein 

it is known that a Specific area is a part of Said first area 
in Said image, and 

Said characteristic value calculating unit obtains a size of 
said texture analysis window with which the texture 
characteristic's value is almost constant even when 
changing a position of Said texture analysis window in 
Said Specific area, and calculates Said texture charac 
teristic's value while moving Said texture analysis 
window of the obtained size. 

45. The image processing unit according to claim 42, 
wherein Said image acquiring unit is an image picking up 
unit. 

46. A detecting unit which detects characteristic of an 
object based on a distribution of light through said object 
when illuminating Said object, Said detecting unit compris 
Ing: 

an image processing unit according to claim 42, which 
processes an image formed by Said light through Said 
object; and 

a characteristic detecting unit that detects characteristic 
information of Said object based on the processing 
result of Said image processing unit. 

47. The detecting unit according to claim 46, wherein the 
characteristic information of Said object is shape information 
of Said object. 
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48. The detecting unit according to claim 46, wherein the 
characteristic information of Said object is position infor 
mation of Said object. 

49. An exposure apparatus which transferS a given pattern 
onto a Substrate, Said exposure apparatus comprising: 

a detecting unit according to claim 48, which detects 
position information of Said Substrate, and 

a Stage unit that has a stage on which said Substrate is 
mounted, the position information of Said Substrate 
being detected by Said detecting unit. 

50. The detecting unit according to claim 46, wherein said 
object is at least one optical element, and the characteristic 
information of Said object is optical characteristic informa 
tion of Said at least one optical element. 

51. An exposure apparatus which transferS a given pattern 
onto a Substrate by illuminating with an exposure beam, Said 
exposure apparatus comprising: 

an optical System that guides Said exposure beam to Said 
Substrate; and 

a detecting unit according to claim 50, which detects 
characteristic information of Said optical System. 

52. An image processing unit which comprises an image 
acquiring unit which acquires an image of a plurality of 
areas of which two adjacent areas have different image 
characteristics from each other; and an image analyzing unit 
which analyzes Said image with using the difference 
between image characteristics of Said two adjacent areas to 
obtain information about a boundary between said two 
adjacent areas, wherein 

Said image has first and Second areas which have intrinsic 
image patterns different from each other and between 
which the boundary cannot be detected as a continuous 
line based on the differences between individual pixel 
data value, and 

Said image analyzing unit comprises: 
a weight determining unit that determines weight infor 

mation which is assigned to each pixel in a Square 
texture analysis window, and which is defined by a 
ratio of an inscribed circle area of Said texture 
analysis window to a whole area of a rectangular 
Sub-area, for each of Said rectangular Sub-areas into 
which said texture analysis window is divided 
according to each pixel: 

a characteristic value calculating unit that calculates a 
texture characteristic's value in each position of Said 
texture analysis window based on Said weight infor 
mation and each pixel data in Said texture analysis 
window, while moving Said texture analysis window; 
and 

a boundary estimating unit that estimates a boundary 
between Said first and Second areas based on a 
distribution of the texture characteristic's values 
calculated by Said characteristic value calculating 
unit. 

53. The image processing unit according to claim 52, 
wherein Said image acquiring unit is an image picking up 
unit. 

54. A detecting unit which detects characteristic of an 
object based on a distribution of light through said object 
when illuminating Said object, Said detecting unit compris 
Ing: 
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an image processing unit according to claim 52, which 
processes an image formed by Said light through Said 
object; and 

a characteristic detecting unit that detects characteristic 
information of Said object based on the processing 
result of Said image processing unit. 

55. The detecting unit according to claim 54, wherein the 
characteristic information of Said object is shape information 
of Said object. 

56. The detecting unit according to claim 54, wherein the 
characteristic information of Said object is position infor 
mation of Said object. 

57. An exposure apparatus which transferS a given pattern 
onto a Substrate, Said exposure apparatus comprising: 

a detecting unit according to claim 56, which detects 
position information of Said Substrate, and 

a stage unit that has a Stage on which said Substrate is 
mounted, the position information of Said Substrate 
being detected by Said detecting unit. 

58. The detecting unit according to claim 54, wherein said 
object is at least one optical element, and the characteristic 
information of Said object is optical characteristic informa 
tion of Said at least one optical element. 

59. An exposure apparatus which transferS a given pattern 
onto a Substrate by illuminating with an exposure beam, Said 
exposure apparatus comprising: 

an optical System that guides said exposure beam to Said 
Substrate; and 

a detecting unit according to claim 58, which detects 
characteristic information of Said optical System. 

60. An image processing unit which comprises an image 
acquiring unit which acquires an image of a plurality of 
areas of which has two adjacent areas have different image 
characteristics from each other; and an image analyzing unit 
which analyzes Said image with using the difference 
between image characteristics of Said two adjacent areas to 
obtain information about a boundary between said two 
adjacent areas, wherein 

Said image is an image having no fewer than three tones 
that includes first and Second areas which are different 
from each other in brightness of pixels in the vicinity of 
the boundary, and 

Said image analyzing unit comprises: 

a threshold calculating unit that calculates a threshold 
to discriminate Said first and Second areas in Said 
image based on a distribution of brightness of Said 
image; and 

a boundary position estimating unit that obtains a 
position on Said pixel at which the brightness is 
estimated to be equal to Said threshold based on Said 
brightness distribution of Said image with accuracy 
higher than accuracy on the pixel Scale, and esti 
mates the obtained position to be a boundary position 
between said first and Second areas. 

61. The image processing unit according to claim 60, 
wherein Said image acquiring unit is an image picking up 
unit. 
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62. A detecting unit which detects characteristic of an 
object based on a distribution of light through said object 
when illuminating Said object, Said detecting unit compris 
ing: 

an image processing unit according to claim 60, which 
processes an image formed by Said light through Said 
object; and 

a characteristic detecting unit that detects characteristic 
information of Said object based on the processing 
result of Said image processing unit. 

63. The detecting unit according to claim 62, wherein the 
characteristic information of Said object is shape information 
of Said object. 

64. The detecting unit according to claim 62, wherein the 
characteristic information of Said object is position infor 
mation of Said object. 

65. An exposure apparatus which transferS a given pattern 
onto a Substrate, Said exposure apparatus comprising: 

a detecting unit according to claim 64, which detects 
position information of Said Substrate, and 

a Stage unit that has a stage on which said Substrate is 
mounted, the position information of Said Substrate 
being detected by Said detecting unit. 

66. The detecting unit according to claim 62, wherein Said 
object is at least one optical element, and the characteristic 
information of Said object is optical characteristic informa 
tion of Said at least one optical element. 

67. An exposure apparatus which transfers a given pattern 
onto a Substrate by illuminating with an exposure beam, Said 
exposure apparatus comprising: 

an optical System that guides Said exposure beam to Said 
Substrate; and 

a detecting unit according to claim 66, which detects 
characteristic information of Said optical System. 

68. An image processing unit which comprises an image 
acquiring unit which acquires an image of a plurality of 
areas of which two adjacent areas have different image 
characteristics from each other; and an image analyzing unit 
which analyzes Said image with using the difference 
between image characteristics of Said two adjacent areas to 
obtain information about a boundary between said two 
adjacent areas, wherein 

Said image has no fewer than three areas divided by no 
fewer than three boundary lines that extend radially 
from a Specific point, and 

Said image analyzing unit comprises: 
a template preparing unit that prepares a template 

pattern that includes at least three line pattern ele 
ments extending from a reference point, and when 
Said reference point coincides with Said Specific 
point at least three line pattern elements extend 
through respective areas of Said no fewer than three 
areas and have level values corresponding to pre 
dicted level values of Said respective areas, and 

a correlation value calculating unit that calculates a 
correlation value between Said image and Said tem 
plate pattern in each position of Said image, while 
moving Said template pattern in Said image. 
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69. The image processing unit according to claim 68, 
wherein Said image acquiring unit is an image picking up 
unit. 

70. A detecting unit which detects characteristic of an 
object based on a distribution of light through said object 
when illuminating Said object, Said detecting unit compris 
ing: 

an image processing unit according to claim 68, which 
processes an image formed by Said light through Said 
object; and 

a characteristic detecting unit that detects characteristic 
information of Said object based on the processing 
result of Said image processing unit. 

71. The detecting unit according to claim 70, wherein the 
characteristic information of Said object is shape information 
of Said object. 

72. The detecting unit according to claim 70, wherein the 
characteristic information of Said object is position infor 
mation of Said object. 

73. An exposure apparatus which transferS a given pattern 
onto a Substrate, Said exposure apparatus comprising: 

a detecting unit according to claim 72, which detects 
position information of Said Substrate, and 

a stage unit that has a Stage on which said Substrate is 
mounted, the position information of Said Substrate 
being detected by Said detecting unit. 

74. The detecting unit according to claim 70, wherein said 
object is at least one optical element, and the characteristic 
information of Said object is optical characteristic informa 
tion of Said at least one optical element. 

75. An exposure apparatus which transferS a given pattern 
onto a Substrate by illuminating with an exposure beam, Said 
exposure apparatus comprising: 

an optical System that guides Said exposure beam to Said 
Substrate; and 

a detecting unit according to claim 74, which detects 
characteristic information of Said optical System. 

76. A detecting unit which detects position information of 
a mark that has no fewer than three areas divided by no 
fewer than three boundary lines extending radially from a 
Specific point, Said detecting unit comprising: 

an image processing unit according to claim 68 that 
acquires an image formed by light through said object 
and processes Said image: and 

a mark position detecting unit that detects position infor 
mation of Said mark based on the processing result of 
Said image processing unit. 

77. An exposure apparatus which transferS a given pattern 
onto a Substrate, Said exposure apparatus comprising: 

a Substrate Supporting apparatus that Supports at least one 
of Said Substrate and a measurement Substrate; and 

a detecting unit according to claim 76 which detects 
position information of a mark formed on at least one 
of Said Substrate and Said measurement Substrate Sup 
ported by Said Substrate Supporting apparatus. 
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78. An image processing method which comprises acquir 
ing an image of a plurality of areas of which two adjacent 
areas have different image characteristics from each other; 
and analyzing Said image with using the difference between 
image characteristics of Said two adjacent areas to obtain 
information about a boundary between said two adjacent 
areas, wherein 

Said image includes first and Second areas which have 
intrinsic image patterns different from each other and 
between which the boundary cannot be detected as a 
continuous line based on the differences between indi 
vidual pixel data value, and 

Said analyzing Said image comprises: 

determining the size of a texture analysis window to 
perform texture analysis on Said image with; 

calculating a texture characteristic's value in each 
position of a texture analysis window of Said deter 
mined size based on pixel data in Said texture analy 
sis window, while moving Said texture analysis win 
dow; and 

estimating a boundary between said first and Second 
areas based on a distribution of the texture charac 
teristic's values calculated in Said calculating a tex 
ture characteristic's value, and 

when it is known that a specific area is a part of Said first 
area in Said image, Said determining comprises: 

calculating Said texture characteristic's value, while 
changing the position and Size of Said texture analy 
sis window in Said Specific area; and 

obtaining Such a size of Said texture analysis window 
that the texture characteristic's value is almost con 
Stant even when changing the position of Said texture 
analysis window in Said specific area. 

79. The image processing method according to claim 78, 
wherein Said texture characteristic's value is at least one of 
mean and variance of pixel data in Said texture analysis 
window. 

80. An image processing unit which comprises an image 
acquiring unit which acquires an image of a plurality of 
areas of which two adjacent areas have different image 
characteristics from each other; and an image analyzing unit 
which analyzes Said image with using the difference 
between image characteristics of Said two adjacent areas to 
obtain information about a boundary between said two 
adjacent areas, wherein 

Said image has first and Second areas which have intrinsic 
image patterns different from each other and between 
which the boundary cannot be detected as a continuous 
line based on the differences between individual pixel 
data value, and 

Said image analyzing unit comprises: 

a determining unit that determines. the size of a texture 
analysis window to perform texture analysis on Said 
image with; 

a characteristic value calculating unit that calculates a 
texture characteristic's value in each position of a 
texture analysis window of Said determined size 
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based on pixel data in Said texture analysis window, when it is known that a specific area is a part of Said first 
while moving Said texture analysis window; and area in Said image, Said determining unit obtains Such 

a size of Said texture analysis window that the texture 
characteristic's value is almost constant even when 
changing the position of Said texture analysis window 
in Said Specific area. 

a boundary estimating unit that estimates the boundary 
between Said first and Second areas based on a 
distribution of the texture characteristic's values 
calculated by Said characteristic value calculating 
unit, and k . . . . 


